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PREFACE. 

This book has been prepared to meet the needs of an elementary treatise 
on steam turbines for the use of midshipmen at the U. S. Naval Academy. As 
the time for the Naval Academy turbine course is of necessity limited, the 
contents of this book have been made to deal only with types found in the 
U. S. Naval Service. The chapter on mixed or combined turbines is the only 
exception to this, but it is probable that this type may be used in the near 
future. I am indebted to the Parsons Marine Steam Turbine Company for 
the chapter on care and operation of the Parsons^ turbine, and to Lieutenant 
Ormand L. Cox, U. S. Navy, for the chapter on care and operation of the 
Curtis turbine. 

My thanks are due to the Head of the Department of Marine Engineering 
and Naval Construction, U. S. Naval Academy, for assistance and encourage- 
ment, and to the ofi&cers connected with that department for suggestions and 
criticism. I am indebted to the kindness of Mr. P. H. Rittenour for the prepa- 
ration of the sectional views of turbines, and to Mr. J. M. Armstrong for 
photographic work. 

The material that has made this book possible has been supplied by various 
concerns who have shown the utmost courtesy in meeting my wants. Acknowl- 
edgment is here made to the kindness of tiie following who have furnished 
material: 

Bureau of Steam Engineering, Navy Department, Washington, D. 0. 

American Society of Naval Engineers. 

Machinery Division^ Navy Yard, New York, N. Y. 

U. S. Naval Inspector of Machinery, Quincy, Mass. 

The Fore River Shipbuilding Corporation, Quincy, Mass. 

The Westinghouse Machine Co., East Pittsburgh, Pa. 

The Parsons Marine Steam Turbine Co., 97 Cedar St., N. Y. 

The De Laval Steam Turbine Co., Trenton, N. J. 

The General Electric Co., Schenectady, N. Y. 

The B. P. Sturtevant Co., Hyde Park, Mass. 

The Kerr Turbine Co., WellsviUe, N. Y. 

The Blake and Ejiowles Steam Piunp Works, 115 Broadway, N. Y. 

The Terry Steam Turbine Co., Hartford, Conn. 

The Alberger Piunp and Condenser Co., 140 Cedar St., N. Y. 

Bath Iron Works, Bath, Me. 

G. J. Meyebs. 

Ajxvaboub, Md., Sept 16, 191i. 
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CHAPTER I. 
INTRODUCTORY. 

Steam Turbine. The steam turbine is a motor for the conversion of the 
heat energy of steam directly into rotary motion. 

The conversion is accomplished by transforming the available heat energy 
of steam into kinetic energy by expansion of the steam through restricted 
passages from a high to a lower pressure. The steam is then made to act upon 
blades or vanes secured to wheels or drums attached to a shaft. 

Mechanical Parts. The mechanical elements necessary for the conversion 
of the kinetic energy into mechanical energy are: (1) a rotor attached to the 
revolving shaft through which it is desired to transmit power; (2) suitably 
arranged blading or vanes attached to this rotor upon which the kinetic energy 
of the steam may act to produce rotary motion ; (3) a stationary casing inclosing 
the rotor and containing nozzles and stationary blading to control the expansion 
and the direction of flow of the steam ; (4) suitable means for preventing steam 
leakage. 

Action of Steam. Both the reciprocating engine working expansively and 
the steam turbine are machines for the conversion of heat into mechanical work, 
in which the working substance is steam. Steam in each case conveys the heat, 
but must work from a high to a lower pressure to be effective. In its expansion 
to a lower pressure, while doing work, there is an increase of volimie and a 
decrease of temperature of the steam with a consequent conversion of heat into 
mechanical energy. The heat converted into work is called the heat drop. 

In a reciprocating engine working expansively, mechanical energy is 
created concurrently with the reduction of heat in the steam as the steam 
expands and pushes the piston against the lower pressure of the exhaust side 
of the cylinder. The reciprocating motion imparted to the piston by the steam 
is converted into rotary motion by means of the connecting rod and crank- 
shaft. 

The steam turbine is distinguished from the fact that its action involves a 
double transformation of energy. The heat energy present in the steam is first 
employed to set the steam itself in motion by expansion through restricted 
passages from a high to a lower pressure, giving the steam kinetic energy. This 
kinetic energy in turn is employed to do work on the rotor blades. 

The admission of steam to the cylinder of the reciprocating engine is 
intermittent. On the other hand, in tiie steam turbine, the flow of steam is 
continuous instead of intermittent. 

In the steam turbine the steam is continuously pushed into the nozzles by the 
pressure in the boiler. During passage through the nozzles, it expands continu- 
ously because of its internal heat energy and because the exit pressure of the 
nozzles is less than the entrance pressure of the nozzles. Each particle of steam 
as it expands pushes the particles ahead of it forward at a faster rate and so 
increases the velocity of flow. This process is the conversion of the heat of the 
steam into kinetic energy. 

2 1 



2 STEAM TURBINES. 

The action of steam upon the rotor blades is due to its velocity of flow. In 
other words, velocity having been acquired by the steam due to its expansion, 
the steam jet is then made to act upon suitable blading attached to the rotor. 
This blading resists the flow of the steam jet both by changing its direction of 
flow and by reducing its velocity. The resisting force of the blades causes the 
steam jet to receive a negative acceleration. This resisting force is exerted by the 
blades in the direction opposite to the direction of blade rotation and has an 
equal but opposite force acting in the direction of blade rotation. Hence the 
force tending to turn the rotor is created by causing a negative acceleration 
of the steam jet with a consequent positive acceleration of the rotor blades. 

Gasiification. Turbines are classified according to the direction of flow 
of steam and according to the action of the steam as it flows through the turbine. 
The direction of flow defines radial-flow turbines and axial-flow turbines. The 
action of the steam defines impuke and reaction turbines. 





FIGURE 1. 

Radial Flow. 

Radial Flow. In radial-flow turbines, the steam, while passing through 
the blades, flows in the general direction of the radius of the rotor. Steam 
flow may be towards the rotor axis or away from the rotor axis. 

A simple form of radial-flow turbine is shown in FIGURE 1. The steam 
flows through the nozzles n and then in the general direction of the radius, in 
this case towards the rotor axis. The shape of the blades b causes a change 
in the direction of flow of the steam jet. There is, therefore, a force created in 
the plane of rotation and In the line perpendicular to the face of the blade whicE 
tends to turn the rotor. 

Axial Flow. In axial-flow turbines, the steam, while passing through the 
blades, flows in the general direction of the axis of the rotor. As the steam 
path is approximately parallel to the axis of the rotor, these turbines are some- 
times called parallel-flow turbines. 

The action of a simple axial-flow turbine is shown in FIGURE 2. The steam 
flows through the nozzles n and then in the general direction of the rotor axis. 
The shape of the blades b causes a change in the direction of flow of the steam 
jet. There is, therefore, a force created in the plane of rotation and perpen- 
dici^r to the face of the blade which tends to turn the rotor. 
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Itnpube Turbine. In the impulse turbine, the expausion of the steam is 
ahnost wholly completed within stationary nozzles which may extend aroimd 
only a part of the turbine periphery. There is from 5 to 20 per cent expansion 
of the steam as it passes through the blade spaces. The expansion of the steam 
in the nozzles results in giving velocity to the steam jet. The steam is then 
discharged from the nozzles against the blades of the rotor with considerable 
velocity. The blades are so shaped as to cause a change of direction of the steam 
flow. The force exerted by the blades in resisting the steam jet and causing a 
change in the direction of steam flow has an equal but opposite force which acts 
upon the blades to move the rotor. The pressures in the clearance spaces 
between the casing and the rotating blades are at all points practically equal, 
but less than the steam pressure at the nozzle entrance. 

Simple Impulie Turbine. The action of the steam in a simple impulse 
turbine is shown in FIGURE 3. The expansion of the steam takes place in the 




FIGURE 3. 

Impulse. 

nozzle n for the purpose of giving the steam jet velocity. It then discharges 
against the surfaces of the blades b with considerable velocity. The blades 
cause the steam to change its direction of flow. "The force necessary to change 
the direction of steam flow has an equal but opposite force which acts upon the 
blades in the plane of rotation and imparts motion to them and to the rotor to 
which they are attached. The velocity of the steam (relative to the stationary 
parts of tiie turbine) at pi is less than the velocity at p. The pressures at pi 
and at p are equal. 

The velocities in a simple impulse turbine are extremely high. The reaction 
effect or pressure drop of the steam while passing through the moving blade 
spaces is so slight that it can be neglected. The chief characteristic of the 
Impulse turbine is that practically the whole expansion of the steam occurs in 
the stationary nozzles. 

Reaction Turbine. In the reaction turbine there are alternate rows of 
fixed or guide blades and moving blades. The spaces between the blades in each 
row form nozzles through which the steam expands. The expansion of the 
steam therefore takes place in both the guide and moving blade spaces. The 
expansion of the steam in the guide blade spaces results in increasing the 
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velocity of tiie steam and causes it to flow into the moving blade spaces. The 
form of the moving blades causes a change in the direction of steam flow so 
that the steam jet upon exit from the moving blade spaces makes a small angle 
to the plane of rotation. The steam upon discharging from the moving blade 
spaces thus flows in a direction almost opposite to the direction of rotation. As 
the steam flows through the moving blade spaces, it further expands with a 
resulting force which increases the velocity of the steam relative to the moving 
blades. This force has an equal force in the opposite direction or in the direction 
of rotation, which acts upon the moving blades and imparts motion to these 
blades and to the rotor to which they are attached. In order that the steam 
may expand in passing through a blade row, either guide or moving, the steam 
pressure is greater at the entrance to than at the exit from the blade spaces. 
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FIGURE 4. 

Reaction. 

Simple Reaction Turbine. The action of the steam in a simple reaction 
turbine is shown in FIGURE 4. The steam flows through the nozzles formed 
by the guide blade spaces n, which extend around the entire turbine periphery, 
with partial expansion and with an increase in velocity. The steam then 
discharges against the moving blades. The moving blades b are so designed as 
to change the direction of the steam flow. As fiie steam flows through the 
moving blade spaces, it is expanded still further with an increase of velocity 
relative to the moving blades. This increase in velocity creates a force in the 
direction of rotation which acts on the moving blades, giving them a " kick ** 
in the direction of rotation. Provision is made, if necessary, for the increased 
volume of the steam due to expansion by making the moving blade spaces 
divergent in the direction of flow, as shown in cross-section at •; that is, the 
blades are longer where the steam leaves them. The pressure at p is greater 
than the pressure at pi ; that at pi is greater than the pressure at pi. 
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The velocities in a reaction turbine are low, and therefore the impulse, if 
any, of the steam entering the moving blade spaces is small. The chief 
characteristic of the reaction turbine is that the expansion of the steam is 
continuous throughout the guide and moving blades from the time the steam 
enters the first row of guide blades until it exhausts from the last row of mov- 
ing blades. 

Conqiaruon of Impulse and Reaction. Impulse from a jet of steam is 
illustrated in FIGURE 3a. The nozzle n does not move. Through this nozzle, 
the steam expands and acquires velocity. The emerging steam jet is directed 
against blade h which reduces the velocity of the steam and changes the direc- 
tion of steam flow. The force exerted by the blade b in resisting the steam jet 
and causing a change in the direction of steam flow has an equal but opposite 
force which acts upon the blade b causing it to move in the direction of rota- 
tion. In this case the blades move in the same direction as the direction of 
steam flow. 




FIGURE 3a. 



FIGURE 4a. 



Reaction is illustrated in FIGURE 4a. The nozzles n are free to move 
about a center c The steam flows through the arms b to the nozzles. In the 
nozzles the steam expands creating for itself velocity. This creation of steam 
velocity causes a resulting force acting in the direction opposite to the direc- 
tion of steam flow. This force acts on the nozzles causing them to move in the 
direction of rotation. In this case the nozzles move in a direction opposite to 
the direction of steam flow. 

Velocity Diagram. The forces acting to move the blades attached to the 
rotor are associated with the velocity of the steam. It is therefore customary 
to diagram by vectors the action of a steam jet through the various stages of a 
turbine. Kiis diagram is called the velocity diagram and from it are derived 
the forces acting on the blading, the work done, the power of the turbine, and 
other features of design. The imits used are a poimd of steam and a foot per 
second of velocity. 
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Velocities. Absolute velocity is the velocity of the steam with relation 
to stationary parts. Relative velocity is the velocity of the steam with relation 
to the moving parts. 




V = steam velocity from noszle exit. 

V = Steam velocity absolute at blade entrance. 
Vi= Steam velocity relative at blade entrance. 
Vt= Steam velocity relative at blade exit. 

^ Vs=: Steam velocity absolute at blade exit. 

*^ u = Peripheral velocity in feet per second of blades. 

a = Angle of inclination of nossle to plane of rotation. 

a = Absolute steam entrance angle at blade entrance. 

b = Relative steam entrance angle at blade entrance. 

bi= Relative steam exit angle at blade exit. 

bs= Absolute steam ex5t angle at blade exit 
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FIGURE 6. 

Velocity Diagram — Simple Impulse. 

Velocity Diagram — Simple Impuke. With a known nozzle exit velocity 
of steam and a known angle of the nozzle to the plane of rotation of the wheel, 
a theoretical velocity diagram may be constructed, as shown in FIGURE 5. 

AB, or V, is the absolute velocity and direction of the steam as it enters the 
moving blade spaces, or as it issues from the nozzle. The angle the nozzle 
makes with the plane of rotation of the wheel is a. CB, or u, is the velocity 
and direction of rotation of the moving blades, drawn to the same scale as V. 
Assuming values for AB and BC and the included angle a, the completion of 
the triangle will give the velocity diagram for the entrance steam. The side 

AC, or Vi, is the velocity and direction of the steam relative to the rotating 
wheel. The value V is called the absolute entrance velocity; the value Vi is 
called the relative entrance velocity. 

For ease of understanding, consider V as the direction and value of the 
velocity of the steam jet relative to the turbine casing; and Vi the direction 
and value of the velocity of the entering steam relative to the moving blades. 

If the losses due to friction are not considered, the relative steam exit 
velocity will be equal in value to the relative entrance velocity, or V2 = Vi. 
Assmning that the relative blade entrance and blade exit angles are equal, 
b = bi, and laying off V2 and u, the velocity diagram for the exit velocities is 
constructed, giving CF. or Vs, for the value and direction of the absolute steam 

exit velocity. 

The steam has a velocity Vi on entering the bucket and leaves it with 
velocity V2. In the change of velocity, the component AD (of Vi) is preserved 
and reappears as DE. The component DC is destroyed and an equal but 
opposite component CD is created. Consider that the direction of rotation is 
positive. Then the steam has received a negative acceleration of Dfc + CD. 
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By Newton's first and second laws of motion, this acceleration can only have 
been produced by a force acting upon the steam. This force is of course exerted 
by the blades and is in the direction CD. If we consider a unit quantity of 
steam as one pound, then the magnitude of the force in pounds with whiph the 
blade deflects the steam is 

F = wa = ^X (DC + CD). 

By Newton's third law of motion, action and reaction are equal. The force 
with which the steam presses on the blade in the direction DC is, therefore, 

also -qTT X (DC + CD). This force is associated with motion of the blade 

in its own direction ; therefore, the work done by it is equal to 

uX -^(00 + CD). 

This process is equally applicable if we consider absolute velocities. Relative 
to the casing, the steam entered the blade spaces with velocity V and left with 
velocity Vs. The acceleration is, then, the change of the component DB to the 
component GF, or is DB + GF. This is equal to 

DC + CD, since DB = DC + u, and GF = CD — u. 

The condition for maximimi efficiency of the simple impulse turbine is 

V 
that u =-^ cos a. This turbine must utilize steam flowing with a velocity of 3000 

to 4000 feet per second, and has a wheel peripheral or blade velocity of nearly 
one-half this value to utilize the total energy of the steam. This makes a value 
for the peripheral velocity of the simple-impulse turbine frequently as high as 
1200 feet per second, or as high as safety will permit with the strongest 
materials obtainable for the rotating wheel and shaft. 

Velocity Diagram — Simple Reaction. With a known absolute velocity 
of steam at the entrance to the moving blades, a kno\vn angle of steam entrance 
to the moving blades, and a known blade speed, a theoretical velocity diagram 
may be constructed, as shown in FIGURE 5a. V is the absolute velocity and 
direction of the steam as it enters the moving blades or as it issues from the 
guide blades. The absolute steam entrance angle to the moving blades is a« 
u is the velocity and direction of rotation of tiie blades, drawn to the same 
^^cale as V. Assuming values for V, u, and the included angle a, the velocity, 
diagram for the steam entering the moving blades may be constructed, giving 
Vi for the value and direction of the relative steam entrance velocity. 

If the losses due to friction are not considered and the guide and moving 
blades are of the same design, the relative steam exit velocity for the moving 
blades will be equal to the absolute steam exit velocity from the guide blades 
and the relative steam exit angle for the moving blades will equal the absolute 
steam exit angle for the guide blades. Laying off V2 as the relative exit velocity, 
u as the blade speed, and ai as the steam exit angle, the diagram for the exit 
velocities is constructed, giving V« for the value and direction of the steam 
exit T&Tocity. 
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The steam has a relative velocity Vi on entering the moving blade spaces 
and leaves them with velocity Vi. The steam changes direction of flow and 
increases its relative velocity from Vi to Vi. The component AC is destroyed 
and an opposite component CD is created. Considering that the direction of 



FIGURE 6a. 

Velocity Diagram — Simple Reaction. 

rotation is positive, then the steam has received a negative acceleration of 
AC + CD. By Newton's first and second laws of motion, this acceleration can 
only have been produced by a force acting upon the steam. This force is, of 
course, exerted by the blades and by the expansion of the steam in its drop in 
pressure and is in the direction CD. If we consider a imit quantity of steam 
as one pound, then the magnitude of the force with which the steam is deflected 
and expanded is 

F = ma = '^X(AC + CD). 

By Newton's third law of motion, action and reaction are equal. The force 
with which the steam presses on the blades in the direction CB is, therefore, 

also -x^ X (AC + CD). This force is associated with the motion of the blade in 

its own direction ; therefore the work done by it is equal to 

uX-^XCAC + CD). 

The condition for maximum efficiency of the simple reaction turbine is 
that t^ = F cos a. This gives a speed to the blades of a simple reaction turbine 
so high as to be prohibitive from the standpoint of strength of material. 



CHAPTER 11. 
THERMODYNAMICS. 

Definition. It has been shown how heat energy of steam is transformed 
into kinetic energy by expansion, and how this again is converted into mechan- 
ical energy by the action of the steam upon the blades of the rotor. The study 
of the relations that exist between the heat energy and the mechanical energy 
is known as thermodynamics. 

Energy. Energy is the ability to overcome resistance. The measure of 
that form of energy known as mechanical energy or work is the product of the 
force and the distance through which the force acts. The imit of energy in 
British units is the foot-poimd. The foot-pound is the work done against 
gravity in lifting one poimd through a space of one foot. 

Potential Energy. The energy of steam under pressure when the steam 
has no velocity is potential energy, or energy of rest; for example, the steam 
in the boiler. The heat acquired by the steam in the process of its formation 
under pressure is converted into kinetic energy, or energy of motion, when it is 
made to expand through nozzles from one pressure to a lower pressure. 

Kinetic Energy. The form of energy peculiar to the steam as it expands 
is then kinetic energy, or energy of motion. 

The equation for kinetic energy, which is the formulation of Newton's 
first and second laws of motion, is derived as follows : 

Force = mass X acceleration = mass X change of velocity 

time of change 

then F = MX ^'~^\ (1) 

where F is the force in pounds, 

Vi is the initial velocity in feet per second, 

Vi is the final velocity in feet per second, 

t is the time in seconds, 

W 
M is the mass and = . 

The work performed or energy exerted in decreasing the velocity of a body is 
the product of resistance met and the distance covered while the velocity is 
being decreased. This distance h is the product of the time of action and the 
mean velocity, or w mv 

The work done or the energy exerted, E, is the product of force and distance ; 

and simplifying, fv* — v*\ 

substituting for M its value, — , where W is the weight in pounds and gr is the 
acceleration due to gravity (32.16 per second), 
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If the velocity is increasing from Vi to F» the equation would be 
W(,V.--Y,') 



And if the initial velocity, Vt, is zero, 



2S 



(*) 



WV 
2? 



(5) 

Graphic Repreioitation. The graphical method of representing mechan- 
ical work is by means of the pressure-volume (PV) diagram. In laying out 
such a diagram, FIGURE 6, two co-ordinates are used, OX representing pres- 
X ' 




PV Diagram. 

sure and OY representing volumes. They are drawn through the point O 
which is the zero of volume and pressure. Areas such as abed on this diagram 
represent foot-pounds of mechanical work. 




FIGURE 7. 



Cnlrropy 
FIGURE 8. 



PV Diagram. TE Diagram. 

Similarly, heat enei^ may be represented by the area of a diagram, 
FIGURE 8, constructed with vertical ordinates of absolute temperatures and 
horizontal dimensions obtained by dividing the number of heat units added 
or subtracted during any change in temperature by the mean absolute tempera- 
ture during that change. The horizontal distance of any point from the vertical 
axis OX of the heat diagram is called its entropy. This term, entropy, gives 
to the heat diagram the name temperature-entropy (TE) diagram. 
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The analogy between the work diagram and the heat diagram may be 
further explained by selecting some one part of the diagram, FIGURE 6, as 
the expansion line be, which is reproduced in FIGURE 7. The area abed 
under this curve represents the work done during the change brought about 
by the expansion from b to c The mean pressure during the change is h. The 
volume at the start is represented by the distance Oa; the volume at the end 
by Od; and the change of volume due to the expansion by ad. Now the area 
ahcd = product = width X mean height, or = odt X h. Hence for the pressure- 
voliune diagram, 



Work done in foot-pounds 
during any change 



mean pressure during 



change (pounds per [xi volinne in 

cubic feet. 



change of 



square foot) 

FIGURE 8 is the corresponding temperature-entropy diagram in which be 
is the expansion curve showing a change in both absolute temperature and in 
entropy. The area abed under this curve represents the heat units given up 
by the working fluid during the expansion from temperature b to temperature 
c. The mean absolute temperature during the change is h. The entropy at 
the start is shown by the distance Oa; the entropy at the end by Od; and the 
change in entropy due to the expansion from b to c by ad. Entropy is meas- 
ured from the ordinate OX, therefore ad is not the entropy of point d, but is 
the ehange in entropy during the change in the condition of the fluid from 
b to e. 

Entropy. As before, area abed = product = width X mean height, 
= adXh. Hence, for the TE diagram. 



or 



Nimiber of heat units added or' 
subtracted during any change 
per pound of the substance 



fmean absolute 
= -j temperature X 
during change 



change of 
entropy. 



Prom this is derived the definition for entropy. Entropy is a mathematical 
expression determined by the equation : 

p, f f the heat in British thermal units added 

° ^^ the mean absolute temperature during addition 

British Thermal Unit A British thermal unit (B. T. U.) is equal to one 
one-hundred-and-eightieth of the heat required to raise the temperature of one 
pound of water from the freezing point to the boiling point, at atmospheric 
pressure of 14.7 pounds absolute. 

Absolute Temperatures. Absolute temperatures are temperatures reck- 
oned above absolute zero which is — 460° on the Fahrenheit scale. 

Joule's Equivalent. The mechanical equivalent of a British thermal unit 
is 777.5 foot-pounds. 

Woric and Heat The conversion of B. T. U.'s into foot-pounds would 
be represented by the equation 

777.5 X En =E, (6) 

where Jff is the heat change in B. T. U.'s, 

n is the efficiency of expansion, 
E is the work done expressed in foot-pounds. 
Equating the values of E from (5) and (6), 



E = 7TI.5XHn = 



2g 
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Or, for example, where steam has acquired velocity V, due to expansion, and 
has imdergone a heat drop H expressed in B. T. U/s, with efl&ciency n, 

or 

• 2 X 32.16 X 777.5 50040 ' 

and the velocity V acquired during the expansion is then expressed in terms 
of the heat drop by the equation 

F = ^X 223.7. (7) 

If W is unit weight (one poimd) then 

V = VEn X 223.7. (8) 

The velocity thus acquired is transformed into mechanical energy in a turbine 
where a jet of expanding steam is directed upon suitably shaped rotating 
blades. 

When passing through the moving blade spaces where the initial and final 
pressures are equal, the velocity of the steam relative to the moving blades is 
reduced by the action of friction between steam particles and between the 
steam and the blade surfaces. This reduction in velocity is converted into heat. 
This heat in B. T. U.^s expressed in terms of the velocity derived from equa- 
tions (3) and (6), 

E = 777.5 X g = ^^^^2 ~ ^''^ > 
would be 

w(v^^-vn _ Tr(yx'-FO . 

^ 2 X 32.16 X 777.5 ~ 50040 ' ^^^ 

where 

Vi is velocity of the steam relative to the moving blades on entrance to 

the blade spaces, 

Vi is velocity of the steam relative to the moving blades on exit from 

the blade spaces, 

W is the weight of steam in pounds, 

H is the B. T. U. ^s of heat gained, due to change in velocity from Vi to 

Fi, through resistance of friction. 

When steam with an initial velocity Vi is expanding from a higher to a 

lower pressure, and at the end of the expansion attains a velocity Fi, the heat 

drop in B. T. U.^s expressed in terms of the velocity derived from equations 

(4) and (6), 

E = HnX 777.5 =^^Z^^lZl). , 
would be 

W(V.^-vn ^ft^ 

^ ~ 50040 X n • ^-^"^ 

Power. Power is the rate of doing work, or is the work done in a given 
interval of time. Its expression mathematically will be work done divided by 
the time. 

Horse-power. The unit of power in the British system is the horse- 
power. A horse-power (H. P.) is the performance of 33,000 foot-poimds per 
minute. 



CHAPTER III. 
THE PROPERTIES OF STEAM. 

Definition. Steam possesses certain properties which have been found 
by experiment to be constant for similar conditions of temperature and pres- 
sure. A knowledge of these properties is necessary in the study of steam flow 
and steam nozzle design for steam turbines. 

Formation of Steam. Steam is first formed from water in the boiler by 
the application of heat. The steps into which the steam forming process may 
be divided are as follows : 

First: Adding heat to the water to raise the temperature from 32 °F. to 
the temperature of evaporation. The heat added is called the heat of the liquid 
above 32°F., and the amount of heat added is measured in B. T. U.'s. 

Second: Changing the water into steam at the temperature of evapora- 
tion. During this process the temperature of the water does not change. The 
process consists of breaking up and separating the particles of water, and of 
increasing the volume from that occupied by water to that occupied by steam. 
The heat required for the second step is called latent heat of evaporation and 
is measured in B. T. TJ.^s. The amount of heat required for the first and second 
steps is called the total heat of the steam, and comprises the total potential 
energy of the steam. 

Third : If superheated steam were produced there would be a third step 
which consists of raising the temperature from that of saturated to that of 
superheated steam. The heat added causes a rise in temperature with constant 
pressure. 

General Definitions. From the above process of forming steam from 
water may be derived the following definitions: 

Heat of the liquid above 32°F. is the nimiber of B. T. TJ.^s necessary 
to raise the temperature of a pound of water from 32°F. to a given 
temperature. 

Latent heat of evaporation for a given temperature is equal to the 
nimiber of B. T. U.^s necessary to convert one poimd of water at that 
temperature into steam at the same temperature. 

Total heat of steam for any given temperature is equal to the num- 
ber of B. T. U.'s necessary to raise the temperature of a pound of water 
from 32°F. to the given temperature and evaporate it into steam at that 
temperature. 

Saturated or dry steam is steam formed in contact with water. It 
has no suspended particles of water in it, and at any temperature it has a 
corresponding definite absolute pressure. 

Wet steam is steam that carries with it particles of water in sus- 
pension. 

Superheated steam is saturated or dry steam that has had more heat 
added to it when not in contact with water. Its temperature is higher 
than that of saturated steam at the same pressure. The difference in 
temperature is known as the " degree of superheat.'* 
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Quality of steam is the fraction by weight of dry or saturated steam 

in a given weight of wet steam. 

Entrc^y of steam or water is a mathematical term derived from the 

relation : 
^^ 4? frv^ the B. T. U.^s added to water or steam 

^ ^^^ the mean absolute temperature during addition 

The entropy of water is assumed to be zero at 32 °F. 

Entropy of Water. For any small change of temperature, the change 
of entropy of water is equal to the B. T. U.'s added, divided by the absolute 
temperature during addition. 

Entropy of Evaporation. At any given temperature the change of 
entropy for evaporation is equal to the latent heat of evaporation at the 
given temperature, divided by the absolute temperature during evaporation. 

Entropy of steam at any given temperature is equal to the sum of the 
entropies of water and of evaporation at that temperature. 

Steam Tables. Tables of the properties of saturated steam, used to facili- 
tate steam calculations, contain columns of figures giving certain important 
properties of steam. The following are the most important headings for steam 
turbine calculations. The data given refer to one pound of steam or water as 
the case may be : 

1. Absolute pressure in poimds per square inch. 

2. Temperatures of saturated steam corresponding to the pressure 

given. 

3. Heat of the liquid from 32°F. 

4. Latent heat of evaporation. 

5. Total heat of steam from 32°F. 

6. Entropy of water. 

7. Entropy of evaporation. 

8. Entropy of saturated steam. 

9. Density of saturated steam. 

10. Specific volume of saturated steam. 

11. Specific heat of steam and water. 

Specific volume of steam at any given temperature and pressure is the 
ninnber of cubic feet of space occupied by one pound of wet, saturated, or 
superheated steam. 

Specific heat of steam or water is the difference between the number of 
B. T. U.'s in one poimd of water or steam at two temperatures with a difference 
of VF. 

Graphic Representation. The various properties of steam may be shown 
graphically on the TE diagram. This diagram for steam is printed for sale 
and may be used for all the calculations that enter into turbine design. It is 
made to represent all the data contained in the steam tables. 

FIGURE 9 represents a TE diagram for water and steam. On it are shown 
the various heat changes that take place due to the formation of steam from 
water, to the expansion of steam, and to the condensation of steam. The data 
on it represent values for one pound of water or steam. 

The ordinates are absolute temj)eratures laid off in the direction of OX. 
The abscissas are entropies laid off in the direction of OY. Lines be, nl and ae 
are constant temperature and pressure lines and are called " isothermals. * ' 
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Lines aai, bbi, nni, cci, etc., are lines of constant entropy and are called ** isoen- 
tropic '' lines. All areas represent heat expressed in B. T. TJ.^s. As in the 
steam tables, it is astumecl that water at 32^. has zero entropy and contains 
no B. T. U/s. The curve manb is the graphic representation of the properties 
of one pound of water as controlled by the amount of heat it contains and by 
the pressure it is under. It is known as the ** water-line.'' It crosses the 
vertical co-ordinate at 32°F. which is the point of zero entropy. 

Water-Line. To find the successive points of the water-line above 32°F., 
it is necessary to find the change of entropy due to small changes of tempera- 
ture; that is, due to small additions of heat to the water with corresponding 
increases in the temperature. Prom the definition already given for entropy 
of water, 

f entro of water = B. T. TJ.'s added ^ 

^ ^^ mean absolute temperature during addition * 

successive entropy points may be found on the water-line corresponding to the 
temperature selected. 

At 100°P. the heat of the liquid, or the heat added necessary to raise the 
temperature of the water from 32°P. to lOO^P., is 67.97 B. T. U.^s. The mean 
absolute temperature during addition is 

(460 + 32) + (460 + 100) _ ,^^ . (32 + 100) 

2 — 4bU-t- 2 • 

Then 

fi7 Q7 

Change of entropy of water = ' -_. = 0.1295. 

Laying off this value of entropy at 100° F., 0.1295, from OX along the line of 
constant temperature 100°F., gives the point a on the water-line. From a 
draw the constant entropy line aai. The area maaiO is the heat of the liquid 
at 100°F. = 67.97 B. T. U.'s. 

At 200''F. the heat of the liquid above 32°F. is 167.94 B. T. U.'s. The heat 
change between 100°F. and 200°F., or the heat added to raise the temperature 
from lOCF. to 200°F., is the difference between the heat of the liquid between 
these two temperatures; that is, 167.94 — 67.97 = 99.97 B. T. U.'s. Then the 
change of entropy between 100°F. and 200°F. is 

99.97 ^ 99^ ^ 0.1643. 



^QQ , (100 + 200) 610 

As this value, 0.1643, represents change of entropy from 100°F. to 200''F., it is 
necessary, in order to reduce all points on the water-line to the common origin 
OX, to add the change of entropy between 32°F. and 100°F., which gives for 
the entropy of water at 200°F. 

0.1295 + 0.1643 = 0.2937. 

Laying off this value of entropy of water at 200''F., 0.2937, from OX along the 
line of constant temperature 200°F., gives the point n on the water-line. From 
n draw the constant entropy line nni. Then mniiiO is the heat of the liquid 
at 200°F. = 167.94 B. T. U.'s. 

In the same way successive points on the water-line may be f oimd and laid 
off, completing the water-line manb. 
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If one pound of water at 32 °F. is heated until it reaches the temperature 
350®F., its entropy increases and the change in temperature and entropy is 
represented by line manb. The heat added during the change is represented 
by area mbbiO. If the water at 350° F. is evaporated, the temperature will 
remain constant and the line be will represent the change in entropy. The 
heat required for this change is shown by the area bccibi, and is the latent 
heat of evaporation. Area mbcciO is the total heat of the steam at point c 
In the same way, water heated to any other temperature and then evaporated 
will follow a similar process; that is, at any other temperature, such as ]00°F., 
heat added from 32 ""F. will increase the entropy and temperature of the water 
until 100° F. IS reached at the point a. The heat added during the change 
is represented by the area maaiO. If the water at 100 °F. is evaporated, the 
temperature will remain constant and the line ae will represent the change of 
entropy. At point e the vaporization is complete and its distance from OX is 
the entropy of steam at 100° F. The heat required for vaporization is shown 
by the area aeeiai, and is the latent heat of evaporation at 100°F. Area 
maeeiO is the total heat of the steam at point e. 

Quality. During evaporation along be and ae, the steam is wet, or con- 
tains particles of water in suspension in varying quantities, which are greatest 
close to ab and zero along ce. At any point, as q on be, the percentage of dry 
steam by weight contained in one poimd of wet steam will be the same as at 
some point qi on ae. Other points in the constant temperature lines may be 
plotted to give the same percentage of dry steam in the wet steam as occur at 
q and qi. If a curve is drawn through these points, we get the curve of constant 
quality qqi. In the same way, curves of constant quality for other percentages 
may be plotted, as rri and Ui. 

Steam-Line. The curve cle represents the curve of 100 per cent quality, 
or is the saturated or dry steam-line. It is also the line representing the con- 
dition of expansion of steam from point c to point e if just enough heat were 
added during the expansion to keep the steam always dry. 

The entropy of the steam at point e is equal to the entropy of water at 
point a plus the entropy of evaporation from a to e. The change of entropy 
from a to e is equal to 

latent heat of evaporation in steam at 100"" F. 
absolute temperature of evaporation ' 

or change of entropy from a to e = . ^^ , ' ^^ = 1.8505. The entropy of steam 

at point e =1.8505 + 0.1295 = 1.98, which is the distance expressed in entropy 
units of e from the co-ordinate OX. 

The entropy of the steam at point I is equal to the entropy of water at 
point n plus the entropy of evaporation from n to L The change of entropy 
from n to I is equal to 

latent heat of evaporation in steam at 200° F. 
absolute temperature of evaporation ' 

977 8 
or the change of entropy from n to I = j^a 4, oon "^ 1-4824. The entropy of 

steam at point 1 =1.4824 + 0.2937 =1.7761, which is the distance expressed in 
entropy units of 1 from the co-ordinate OX. 
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In the same way other points on the steam-line may be f oimd and laid off, 
completing the steam-line de. 

Adiabatic Expansion. When steam expands, doing work in a perfect 
engine without external gain or loss of heat, it is said to expand adiabatically. 
If there is no gain or loss of heat, entropy will remain constant from beginning 
to the end of the expansion. Hence the representation of adiabatic expansion 
of steam between 350 °F. and 100 °F. would be the isoentropic line cd. 

Specific Volume. The volumes of one pound of saturated steam at differ- 
ent temperatures are shown on the TE diagram along the saturated steam-line. 
As these volumes have the same value as certain volmnes of wet steam at 
lower temperatures (assuming that the water in wet steam occupies no space), 
lines may be drawn through points of equal value and are called curves of con- 
stant volume. On FIGURE 9, curves V, Vi, V2, are curves of constant volume. 

Rankine Cycle. When a perfect engine takes steam at a given tempera- 
ture and pressure, expands it adiabatically, and exhausts it at a lower tempera- 
ture and pressure, condenses the steam to water and returns it to the boiler, it 
is said to operate on the Rankine cycle. This cycle is used as a standard of com- 
parison in steam turbine work. 

The Rankine cycle on the TE diagram, FIGURE 9, is shown by the lines 
aby be, cd, and da, where expansion takes place from 350°F. to 100°F. 

The temperature of the feed water as it enters the boiler is 100°F. The 
heat in B. T. U.'s of one pound of feed water is represented by area maaiO. 
The water is heated from this temperature to 350° F., gaining entropy and tem- 
perature as heat is added. This step is shown by line ab. The heat in B. T. U.'s 
added to raise the temperature to that of evaporation is represented by area 
abbiai. At b, evaporation begins and continues at constant temperature imtil 
all the water is evaporated into dry or saturated steam at c This step is shown 
by line be The heat in B. T. U. ^s added during evaporation is represented by 
area bccibi. From c, the steam expands adiabatically, neither losing nor gain- 
ing heat, imtil it has expanded to the exhaust temperature of 100 °F. at d. This 
step is shown by line cd. From d, the steam is condensed to water without 
change of temperature. This step is shown by line da, being the reverse of 
evaporation. The heat lost to the condenser is represented by the area adciai. 

Efficiency. The heat in B. T. U.'s, represented by area abed, is the value 
of the potential energy of the steam between temperatures SSO^'F. and lOO'^F., 
which has been converted by expansion into kinetic energy which iif turn by 
its action on the blading has been converted into mechanical energy, or the 
work done. It is said to be the heat avaflable for the Rankine cycle for con- 
version into mechanical energy. The area abcciai is the heat supplied to water 
at lOC^F. to make steam at 350° F. The thermal efficiency of the Rankine 
cycle is the ratio between the work done in B. T. U. ^s and the heat supplied in 

B. T. U.'s or is the ratio ^^^^ . This ratio shows that the thermal efficiency 

of even a ** perfect '^ heat engine is very low. 

Calculation of the Value of Areas. The value in B. T. XJ.'s of such areas 
as abed may easily be f oimd by measuring in terms of entropy the average 
width, and in terms of temperature the average height of the areas. The 
product of the height in temperature and of the width in entropy will give the 
number of B. T. U.'s contahied in an area. 

8 
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Quality During Adiabatic Expansion. Duiing adiabatic expansion along 
line cd, as heat is neither added nor subtracted from the steam, part of the 
steam condenses and forms water in suspension. The steam, therefore, as it 
expands, is wet steam, the percentage of dry or saturated steam decreasing as 
the temperature falls. The quality of the steam at any point along this expan- 
sion is therefore indicated, for example at 200°F., by the ratio ^ ; at IWP. 
by the ratio ^. 

Superheat. If at the point c heat were added to superheat the steam, the 
change would be represented by the curve cf. The steam would remain at the 
same pressure as at point c, but its temperature would be increased. The heat 
in B. T. U.'s necessary to superheat to the point f would be that indicated by 
the area cffiCi. Adiabatic expansion from point f would follow the line ft 
which will cross the saturated steam-line as shown. 



FIGURE 9. 

TE Diagram for Water 
and Steam. 
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GcDcral ElMtrle Co. 

Firet Stage Nozzle of G. E. Curtis Turbine. 

(Upper view. Exit Side; Lower View, Admlaaloo Side.) 



CHAPTER IV. 



STEAM NOZZLES. 

Introduction. To arrive at an understanding of the principles of action 
of the steam in the different types of turbines, it is necessary to study the 
phenomenon connected with the flow of steam through orifices or nozzles. 

Purpose. In the steam turbine, the conversion of the heat energy of the 
steam into kinetic energy or energy of motion must be provided for. To accom- 
plish this, the passages and nozzles of the turbine must be designed to control 
the expansion of the steam in a way that will augment its velocity and to guide 
the steam in its passage through the turbine. 

Steam Passages. In the De Laval and some other turbines, the steam 
flows through nozzles which direct it against the blades of the rotating wheel. 
In other turbines it flows through passages between guide vanes which form 
what is virtually a group of nozzles. In still other turbines both the stationary 
guide vanes and the moving blades of the whole turbine have the same functions 
as would have a collection of nozzles placed side by side. Whatever the 
arrangement of the passages of a turbine, through which the steam passes, 
they may be regarded as steam nozzles. 

Critical Fall. When steam is expanded in a parallel closed passage, there 
are limits to the range of pressure through which expansion can be carried. 
The point where this limit is reached is called the ** critical fall.'' Referring 
to FIGURE 10, the pressure in a boiler is p. Steam is expanded from this 
pressure to the atmosphere through a hole bored in the boiler-plate. The 
pressure pi, in the hole, will never be less than 
0.58 of the pressure p. This relation between 
p and pi is then expressed by the equation : 

i!L = 0.58, or_^=1.72, 
P Pi 

Assume that the pressure at p is 200 pounds 

per square inch absolute, and that the pressure 

at pi can be regulated to any desired amount. If 

the pressure at pi be gradually decreased below 

200 pounds per square inch, tiie first effect will 

be for steam to flow from the high to the low 

pressure, or from p to pi. As the pressure at 

pi continues to decrease, more and more steam 

will pass through the orifice at a gradually 

increasing velocity. It will issue in a steady 

stream until the limiting pressure of 116 pounds 

per square inch is reached (0.58 X 200 = 116), 

After the pressure is lowered beyond this point, however much the pressure 

at pi is reduced, the pressure in the orifice itself will never be less than 116 

pounds per square inch. Owing to this, no greater weight of steam will flow 

through than did when the limiting pressure was reached. Further, as the 
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FIGURE 10. 

Steam Flowing Through 
an Orifice, 
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pressure at pi is reduced below 116 pounds per square inch, the steam instead 
of issuing in a steady jet will break up, making it impossible to utilize the 
energy generated by the velocity attained during fiuiiher expansion. 

Converging Nozzlei. In the case of the orifice just considered, the comers 
of the entrance end have not been rounded o£E, and hence there is considerable 
loss of energy due to eddy currents. Experiment has 
proved that these comers should be rounded off in all 
nozzles, as shown in FIGURE 11, to improve their 
efficiency. 

It is immaterial whether the steam passage is of 
circular or rectangular section. In practice, the cross- 
sectional area of nozzles is generally rectangular. 

When it is desired to expand steam to not less than 
0.58 of its initial pressure, a nozzle with parallel sides 
is used, as shown in FIGURE 11. The nozzle should be 
kept as short as possible in order to reduce the energy 
loss from skin friction. The parallel portion shown in 
dotted lines should, therefore, always be omitted if the 
' steam can be turned into the correct direction without 

FIGURE 111 it. In practice, however, the channel walls for a short 
Converging Nozzle, space at the exit should be parallel, in order to keep the 
steam from spreading to a width greater than the height 
of the moving blades. This type of nozzle is called ' ' convergent ' ' j and, owing 
to the fact that expansion is limited to the critical fall, it is also known as 
the " non-expanding " nozzle. 





Elevation, 



FIGURE 12. 

Converging Nozzle. 



The type of non-expanding nozzle used in practice is shown in FIGURE 
12. The width of the nozzle is a. The walls from m to n are parallel to prevent 
spreading of the steam at the exit. The dimension x is limited by the height 
of the blades against which the steam discharges in order that the steam jet 
will act on the total blade surface and at the same time will not discharge over 
a greater area than is limited by the height of the blades. The dimension % 
is the dimension of the nozzle in the direction of the turbine radius when the 
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nozzle is in place in the turbine. The angle d is the angle of inclination of the 
nozzle to the plane of rotation of the blades against which the steam jet 
discharges. 

Converging-Diverging Nozzles. When it is desired to expand steam to a 
point below 0.58 of the initial pressure, the nozzle in which the expansion is 
to take place must contain a contracted sec- 
tion. The steam in passing through this con- 
tracted section will expand to the limiting \f/f^ 'A ^ 

pressure, that is, to 0.58 of the initial pressure. 

The remainder of the required expansion must 

be carried out in a gradually divergent pas- ^^ J^ b 

sage. This nozzle is shown in FIGURE 13. At v//V///////?))t}}A m »Ji^ 

a the pressure is equal to 0.58 of the initial 

pressure, the remainder of the expansion 

taking place in the divergent part from a to c 

Experiments by Dr. Stodola have proved that FIGURE 13. 

if the angle of the divergent part of the nozzle, Converging-Diverging Nozzle. 

angle e, exceeds 5° the steam will leave the 

walls of the nozzle. This type of nozzle is called ** convergent-divergent'^; 

and, owing to the fact that the expansion of steam can be carried beyond the 

critical fall, it is also known as the ** expanding '* nozzle. 





Side 
Elevation 



Plan 




FIGURE 14. 

Converging-Diverging Nozzle. 

The type of expanding nozzle used in practice is shown in FIGURE 14. 
The nozzle walls converge until the small dimension is reached at the throat a. 
To carry out further expansion, the walls then diverge from a to b, the cross- 
section at b being the area of the cross-section of the discharging jet of steam. 
From m to n the walls are parallel to prevent spreading of the steam at exit. 
The dimension x is limited by the height of the blades against which the steam 
discharges in order that the steam jet will act on the whole blade surface and 
at the same time will not discharge over a greater area than is limited by the 
height of the blades. The dimension x is the dimension of the nozzle in the 
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direction of the turbine radius when the nozzle is in place. The angle d is the 
angle of inclination of the nozzle to the plane of rotation of the blades against 
which the steam jet discharges. 

Friction. In practice, there is frictional resistance to the steam flow not 
only between the sides of the passages through which the steam flows, but also 
between the particles of the steam itself. With the high velocities usual in 
turbine work, a considerable amount of energy is utilized in overcoming these 
resistances. This must be considered in the study of the flow of steam through 
nozzles and passages. 

EflEiciency. Nozzle efficiency is the ratio between the B. T. U.'s converted 
into useful work and the B. T. U.'s available for conversion into mechanical 
energy when steam is expanded in nozzles. 

Actual internal efficiency is the ratio between the B. T. U.'s converted into 
useful work and the B. T. U.'s available for conversion into mechanical energy 
during the expansion of the steam in a part of a turbine or in a whole turbine. 

Efficiency referred to the Rankine cycle is the ratio between the B. T. U. 's 
converted into useful work and the B, T. U.'s available for conversion into 
mechanical energy on the Rankine cycle. 

Steam Expansion. The kinetic energy expended in overcoming friction 
and eddy currents is converted into heat energy. This heat energy has the 
effect of constantly re-evaporating some of the water in the partially expanded 
steam. The expansion does not, therefore, follow the adiabatic line, ch, 
FIGURE IS, but will follow a curve somewhat to the right of the adiabatic 
line, as at cfd. 

This expansion line can be plotted if the efficiency of the nozzle is known, 
and the range of pressure through which expansion is carried is given. Assimi- 
ing an efficiency of 0.7 in expanding steam from 120 to 15 pounds per square 
inch absolute, or from a temperature of 341°F, to one of 213°F., two points 
on the expansion line will be calculated, that at 45 pounds per square inch 
absolute and that at 15 pounds per square inch absolute. 

The heat drop on the Rankine cycle when steam expands from 120 to 45 
pounds per square inch absolute is 77 B. T. U.'s, represented by area A, 
FIGURE IS. Of this heat, 77 X 0.3, or 23.1 B. T. U.'s are used in overcoming 
friction. This heat, 23.1 B. T. U.'s, is represented by area C + E (extending 
from 341 °F. to absolute zero). As area C is very small it will be neglected and 
area E (extending from 274.5°F. to absolute zero) will be assumed to equal 
23.1 B. T. U.'s. The increase of entropy due to friction of the expanding steam 
from 120 to 45 pounds per square inch absolute will then be represented by e 
and will be equal to 

B.T.U-s added ,, ^^ ,,,g'L , -0.0315. 
absolute temp. ' 460 + 274.5 

The heat drop on the Rankine cycle when steam expands from 45 pounds 
to 15 pounds per square inch absolute is 78 B. T. U.'s, represented by area B. 
Of this heat, 78 X 0.3, or 23.4 B. T. U.'s are used in overcoming friction. This 
heat, 23.4 B. T. U.'s, is represented by area D + F (extending from 274.5 ""F. 
to absolute zero). As area D is very small it will be neglected, and area 
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F (extending from 213''F. to absolute zero) will be assumed to equal 23.4 
B. T. U.'s. The increase of entropy due to friction of the expanding steam 
from 45 pounds to 15 pounds will then be represented by ei, and will be 
equal to 



B. T. U.'s added 
absolute temp. * 



or to 



23.4 . 
460 + 213 



= 0.0348. 



Xlivie 




iZT. 



.0348 






Ewtropy 

FIGURE 16. 

Expansion Line. 

The values of e and Ci can then be laid off and the expansion line drawn 
through points c, f, and d. In a similar manner, the expansion line may be 
constructed by finding the change of entropy due to each of a larger number 
of smaller expansions. 

The total heat used in overcoming friction, or the resisting work of fric- 
tion during the total expansion, is called the " regenerated heat," and is 
represented in FIGURE 16 by area b + c This heat, while it is used by the 
steam in overcoming friction, adds an equal amount of heat to the steam. The 
part represented by areas above the condenser pressure or temperature are 
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used in doing useful work as the steam expands. The total heat in the steam 
at 120 pounds per square inch absolute is represented by area a + d + c. When 
the steam expands adiabatically, the amount of heat given to the condenser is 
represented by the area d. In the actual expansion, the total amount of heat 
is the same, but the heat given to the condenser is d + c The heat available 
in the actual expansion is represented by the area a + b. The part of the 
regenerated heat due to friction, represented by the area b, is useful heat 
available for producing velocity towards the exit end of the nozzle, but is only 

Expans ion 
lin 



Steam 




FIGURE 16. 

Regenerated Heat. 

a very small proportion of the total heat given up to the work of friction. The 
useful heat is represented by area 

(a + b) — (b + c) = (a — c). 

The actual eflaciency of the nozzle is the ratio, ^^f^^. ^^^* , which is equal 

avaiiaDie neat 

to / ~f\ • The efficiency compared with the Rankine cycle is the ratio, 
(a + 0; ' 



useful heat 



, which is equal to ^ ^ . 



available heat on Rankine cycle - a 

Graphic Representation of Steam Action in an Expanding Nozzle. The 

representation of the action of steam in a converging-diverging nozzle is shown 
in FIGURE 17. Steam at an initial absolute pressure of 200 poimds per square 
inch is expanded to a final absolute pressure of 90 pounds per square inch. 
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The expansion to the limiting pressure will end at 116 pounds per square inch 
at the throat of the nozzle. Assuming an efficiency of 0.9, the expansion line 
may be plotted. The total heat available up to the throat will be 44.2 B. T. TJ.'s. 
The useful work will be 44.2 X 0.9 = 40 B. T. U.'s. Assuming that the steam 
has no initial velocity, the velocity it will have attained at the throat of the 
nozzle will be from equation (8), 

y= VgnX 223. 7, 

y = V44.2 X 0.9 X 223.7 = 1414 feet per second. 
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FIGURE 17. 

Steam Action in an Expanding Nozzle. 

The total heat available up to the exit will be 44.2 + 20.3 = 64.5 B. T. U.'s. 
The useful heat will be 64.5 X 0.9 = 58 B. T. U.'s. The velocity it will have 
attained at the exit of the nozzle will be 



F=V64.5X 0.9X223.7 = 1702 feet per second. 

Areas at Throat and at Exit The volume of a pound of steam at the 
throat and the exit will be respectively 3.84 cubic feet and 4.91 cubic feet. The 
areas required per poimd of steam flowing per second will therefore be for the 
throat, 

3.84 



for the exit, 



1414 



4.91 

1702 



X 144 ^= 0.391 square inch ; 



X 144 = 0.415 square inch. 



CHAPTER V. 
PRINCIPLES OF DESIGN. 

Historical. The effort to create a steam turbine of practical use dates 
from the year 160 B. C, when Hiero of Alexandria built a crude form of reac- 
tion wheeL In 1629, Branca, an Italian, showed how steam could be jetted 
against a vane to produce rotary motion. While these two instances strikingly 
show the two broad principles of operation on which all modern turbine design 
is based, no practical and efficient steam turbine working on either principle 
was developed prior to 1884. 

The development of the modem steam turbine has been gradual. The 
main difficulty in all efforts has been the excessive waste of steam as compared 
with the reciprocating engine. By research and experiment, the steam con- 
sumption per brake horse-power in turbines built in successive years has 
gradually decreased until we have to-day large manufacturing plants devoted 
to turbine construction and the turbine coming more and more into universal 
use. In marine practice, speeds have had to be reduced to meet economical 
propeller speeds. The early designs of marine turbines gave excessive steam 
consumption. This has led to the development of reduction gears with which 
the later turbine ships are being equipped. The reciprocating engine has been 
abandoned as propulsive machinery on torpedo-boat destroyers, and it is 
probably safe to predict that the OKLAHOMA will be the last capital ship in 
the U. S. Navy in which reciprocating engines will be installed. 

Practical Considerations of Design. The practical steam turbine to be 
efficient must be designed to accomplish the following: 

1. Transform the available heat energy into kinetic energy. 

2. Transform the available kinetic energy into mechanical energy. 

3. Rotate at a speed that will be safe and economical. 

4. Combine simplicity of construction with reliability of action. 
Principles of Design. These considerations of design have caused to be 

evolved the following principles upon which steam turbines for practical use 
are now constructed, each principle being associated with the name of the 
engineer who has been largely responsible for the development of turbines in 
which it has been adopted: 

1. Simple impulse — ^De Laval. 

2. Pressure staging impulse — Rateau. 

3. Velocity compoimding impulse — Curtis. 

4. Pressure velocity compounding — Curtis. 

5. Reaction compounding — Parsons. 

The first four principles are used in impulse turbines; the last in reaction 
turbines. 
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Simple Impuke. The simplest possible arrangement of the impulse tur- 
bine is shown in FIGURE 18, where n is a nolszle directing a jet of steam 
against vanes or blades of a single wheel w inclosed in a casing c This is 
similar to the De Laval turbine, in which the whole expansion of the steam 
from boiler pressure to exhaust pressure takes place in the nozzle. High 
steam velocities are therefore acquired, and consequently high peripheral 
velocities of the rotor result. 

The pressure of the steam as it flows through the nozzle and moving blades 
is shown in the diagram below the turbine. The pressure decreases rapidly 
through the nozzle, due to the expansion of the steam as it passes through the 
nozzle. The pressure on either side of the moving blades and in every part of 
the compartment in which the wheel revolves is practically equal to the exhaust 
pressure. The absolute velocity of the steam increases rapidly through the 
nozzle and drops on passing through the moving blades. There is, however, 
a residual velocity to the steam as it leaves the moving blades. 

The nozzle n is placed at an angle to the plane of rotation of the wheel, and 
is of the convergent-divergent type. It is so designed that the steam under- 
going expansion in its passage through the nozzle acquires a high velocity at 
the exit from the nozzle. The losses from friction, radiation, and eddying are 
reduced to a minimum. It will be noted that the expansion of the steam is 
wholly in the nozzle and that the steam flows through the moving blades (which 
absorb its velocity) solely by virtue of the inertia the steam possesses upon 
exit from the nozzle. Friction losses will take place in the nozzle and as the 
steam passes through the moving blades. 

The velocity diagram represents graphically the absolute and relative veloci- 
ties of the steam, the velocity of the rotor periphery, entrance and exit blade 
angles, as the steam flows through the turbine. From it may be calculated the 
indicated work done by the turbine. 

Pressure Staging Impulse. In turbines of large size, it is necessary to 
avoid the high speeds of rotation which obtain in the simple impulse turbine. 
This is accomplished by pressure staging and velocity compoimding. 

The simplest form of the pressure staged turbine is shown in FIGURE 20 
which illustrates the principle of the Rateau turbine. This in effect is a series 
of simple impulse turbines like that of FIGURE 18, each of which is in a 
separate compartment. There are usually enough compartments to have a 
steam drop of not more than 0.42 of its initial pressure when flowing through 
the nozzles from one compartment to the next. Converging-diverging nozzles 
are therefore not required. In other words, the steam is expanded from boiler 
pressure to condenser pressure in several stages. The expansion for each 
stage takes place in the nozzles which discharge against the moving blades of 
each stage. The velocity acquired during each expansion is utilized by a 
separate wheel on which is one row of blades. The wheels are all secured to 
the same shaft. 
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Steam enters through nozzles ni, FIGURE 20, and expands down to the 
pressure in the first compartment. The pressure within the blade passages is 
the same as that within the compartment in which the wheel revolves. To 
insure a uniform pressure in all parts of each compartment, holes h are some- 
times made through the wheel discs. The second set of nozzles n2 has a cross- 
sectional area larger than the first to accommodate the increased volmne of 
the steam, and the same is true of the succeeding nozzles. This cross-sectional 
area of nozzles is increased to take care of the increasing volmne of steam as 
the steam passes through the turbine, either by increasing the arcs over which 
the nozzles extend, by increasing the nozzle heights, or by increasing both the 
arcs and the heights of the nozzles. 

The velocity curve shows that there is a small amount of imused residual 
velocity in each pressure stage. The pressure curve shows how the pressure 
is gradually stepped down from boiler pressure to condenser pressure, a part 
of the pressure being utilized to perform work in each stage. 

The velocity diagram for each set of moving blades is similar to the 
diagram for the simple impulse turbine. 
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Pressure Staging Impulse. 
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Velodty Compounding ImpuUe. In both the simple impulse and pres- 
sure staged turbines, the steam leaves the blade spaces of each wheel with a 
residual velocity and an attempt is made to utilize in only one row of moving 
blades as much as possible of the velocity acquired by the steam in each set of 




PressuTes 
FIGURE 21. 

Velocity Compoxmding Impulse. 

To utilize the residual steam velocity and to reduce the peripheral 
speed of the wheel, velocity compounding is resorted to in the turbine shown 
in FIGURE 21. That is, the velocity acquired by the steam in each set of 
nozzles instead of being made to do work on only one row of moving blades 
is made to do work on several rows of moving blades, part of this velocity 
belBg absorbed by each row of blades. 
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In FIGURE 21 the steam flows through the expansion nozzles n which 
reduce its pressure to that of the turbine exhaust and of the compartment 
in which the wheels wi and w« revolve. This expansion imparts velocity to 
the steam. The steam then discharges against the blades b of the wheel Wi- 
lts direction after passing through blade spaces of Wi is reversed. Its direc- 
tion is again reversed by the guide blades g attached to the casing. It next 
discharges from these guide passages against the blades c of the wheel ws 
which is on the same shaft as Wi. The steam, having acquired its velocity in 
the nozzles n, flows through the blade spaces of the turbine by virtue of its 
inertia, having just enough residual velocity to clear the moving blades c 
However, difficulty is experienced in making steam flow through groups of 
irregular passages without any impelling force to overcome friction, other 
than its own inertia. To supply the necessary impelling force to make up 
for frictional losses, the height of the blade spaces from the point where the 
steam strikes the first wheel to the point where it leaves the last wheel is 
gradually increased. Thus the steam expands a small amoimt in the moving 
and guide blade passages for the purpose of accelerating the steam velocity 
sufficiently to compensate for its retardation by friction, although most of ite 
expansion takes place in the nozzles. The pressure is very slightly higher in 
the blade spaces than in the compartment in which the wheels revolve, but 
can be considered as practically equal at all points in this compartment. 

The velocity curve shows the velocity of the steam increasing in the noz- 
zles from 1 to 2. As it flows through the moving blades of Wi, part of this 
velocity is absorbed by the rotor. The height of 3 indicates the residual or 
unused velocity of the steam as it leaves the first row of moving blades. Due 
to increasing blade heights, as the steam passes through the guide blade spaces, 
the velocity remains constant from 3 to 4. The remainder of the velocity is then 
absorbed from 4 to 5 when the steam flows through the blade spaces of the 
second wheel. 

Velocity compoimding is carried out in practice to the extent of using as 
many as four or even five rows of moving blades in a pressure stage to extract 
all of the velocity acquired by the steam in its expansion in the nozzles. 
Increasing the number of blade rows for velocity compoimding increases the 
area over which the steam must flow and results in an increase of the losses 
from frictional resistance. 

The pressure curve shows the pressures as the steam passes through the 
nozzles and the wheel compartment. The pressure in the wheel compartment 
is at all points practically equal to the turbine exhaust pressure, tiie steam 
having been expanded from boiler pressure to exhaust pressure in the nozzles. 

To save repetition, the velocity diagram, frictional losses, and work done 
will be taken up under pressure velocity compoimding, since the methods are 
the same. 

Pressure Velocity Compounding Impuke. By the use of pressure velocity 
compounding, the Curtis turbine for marine purposes has been developed 
to give low peripheral speeds, eliminate thrust, reduce steam leakage around 
the tips of the blades, and provide for a rugged and mechanically simple 
construction of turbine. The essential features of this principle are a 
number of pressure stages, in each of which velocity compounding is carried 
out ; that is, it is a combination of pressure staging and velocity compounding. 

4 
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To make this principle of practical use, converging and converging-diverging 
nozzles are used where necessary. This is done in order that the several pres- 
sure stages, while under conditions of fixed shaft speed rotation, will accom- 
modate the steam flow at the successively diminishing pressures. The ratio 
between steam velocity produced by the nozzles and blade or peripheral 
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FIGURE 22. 

Pressure Velocity Compounding Impulse. 

speeds is practically the same for the several successive pressure stages of 
the turbine. 

FIGURE 22 shows the arrangement of nozzles and bladii^ to illustrate the 
principles of pressure velocity compounding. The pressure drop is divided 
into two stages, marked Ist and 2d; that is, expansion of steam from boiler 
pressure to exhaust pressure is carried out in two sets of nozzles. Each pres- 
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sure stage is divided into two velocity stages. The steam is expanded from 
boiler pressure to the pressure in the first wheel compartment, in the nozzles 
ni, acquiring velocity due to this expansion. The steam discharges from the 
first set of nozzles against the first row of wheel blades bi in the first pressure 
stage, passes through these blades with a change of direction into the guide 
blades gi, where the direction of fiow is again changed. It then discharges 
against the second row of wheel blades ht in the first pressure stage. The 
steam then passes through a second set of nozzles 112 and is therein expanded 
to the exhaust pressure of the turbine, acquiring velocity due to this expansion. 
The action of the steam in the second pressure stage is the same as in the first 
pressure stage. 

The velocity curve shows an increase in velocity as the steam passes 
through the first set of nozzles from 1 to 2. As it fiows through the first row 
of moving blades bi of the first pressure stage, from 2 to 3, part of the velocity 
is absorbed by this row of blades. The velocity through the first set of guide 
blades gi, from 3 to 4, remains constant due to increasing blade heights to 
compensate for its retardation due to friction. It issues from the row of guide 
blades gi with the imused velocity at 4 and discharges against the second row 
of moving blades bs of the first pressure stage, where, from 4 to 5, practically 
the remainder of the velocity is absorbed. After discharging from the second 
row of moving blades bs in the first pressure stage, the steam is expanded to 
the pressure of the turbine exhaust in nozzles ni, acquiring velocity due to this 
expansion. The action of the steam as it fiows through the second pressure 
stage is similar to that in the first pressure stage, the steam finally fiowing from 
the last row of moving blades b* to the turbine exhaust. 

The purpose of the guide blades gi and gs is in each pressure stage to turn 
the steam, which has suffered a reversal of direction in the first row of moving 
blades, back to approximately its direction upon exit from the nozzles in order 
that the impulse due to the discharge from the guide blades will act in the same 
direction as the impulse due to the discharge from the nozzles. 

The pressure of the steam as it fiows through the turbine is shown on the 
pressure curve. The pressure in the first wheel compartment is practically 
equal at all points to the pressure existing at 2. The pressure in the second 
wheel compartment is practically equal at all points to the turbine exhaust 
pressure. 

With the simple impulse turbine, in order that all the energy of the steam 
be extracted, it is necessary that the steam emerge from the moving blades 
with an absolute velocity, the component of which in the direction of rotation 
is zero. Under this condition, the velocity diagram, FIGURE 23, is constructed 
with V the absolute entering velocity, a the angle of inclination of the nozzle 
to the plane of rotation, u the peripheral velocity of the rotor blades, Vi the 
relative steam entrance velocity, V« the relative steam exit velocity, and Vt the 
absolute steam exit velocity. 

If Vt is to have no component along DB, the plane of rotation, then lay off 
CF perpendicular to this plane. As Fi = F«, neglecting friction, Vi and u may 

be laid off. It is then evident that DB =2u, and that u = -^ cos a. The 
condition of maximum efficiency is, then, for a simple impulse turbine, that 
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the blade speed should equal one-half the entering steam velocity projected 
on the plane of rotation. 

Considering now one pressure stage velocity compounded twice, that is, 
with two rows of moving blades, it is necessary to extract all the energy from 

A 




V = steam Telocity abeolate at nonle exit 

V = Steam Telocity abeolote at blade entranee. 
Vi= Steam Telocity relatlTe at blade entrance. 
Vs= Steam Telocity relatlTe at blade exit 
Vt= Steam Telocity abaolnte at blade exit, 
o = Blade peripheral Telocity in feet per lecond. 



FIGURE 23. 



Velocity Diagram for Simple Impulse, Maximum Efl&ciency. 

the steam in order to have the steam emerge from the last row of moving blades 
with an absolute velocity, the component of which on the plane of rotation is 
zero. Under this condition, the velocity diagram, FIGURE 24, is constructed 




steam Telocity at exit flrom tbe nonlea. 

Steam Telocity absolute at entrance to let row of moTing blades. 
Steam Telocity relatlT* at entrance to 1st row of moTing blades. 
Steam Telocity relatlTe at exit from 1st row of moTing blades. 
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Steam Telocity absolute at exit from guide or fixed blades. 
Steam Telocity absolute at entrance to 2d row of moTing blades. 
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Blade peripheral Telocity In feet per second. 
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RelatlTe steam entrance angle to let row of moTlng blades. 
RelatlTe steam discharge angle from 1st row of moTing blades. 
Absolute steam discharge angle from 1st row of moTing blades. 



FIGURE 24. 

Velocity Diagram for Velocity Compoimded Pressure Stage. 

with V the absolute steam entrance velocity of the first set of moving blades, 
or V is the velocity acquired by the steam in the first set of nozzles. The incli- 
nation of the nozzle to the plane of rotation is a, and friction is neglected. It 
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is evident that if Vt is constructed perpendicular to the plane of rotation, in 
order to have no component on that plane, that AB = 4u and that u^-^cos a; 

or, the speed of rotation is reduced one-half by the use of the principle of 
velocity compounding. The velocity diagram for the second pressure stage, 
with two rows of moving blades for velocity compounding, is constructed 
in the same way. 

In the construction of the velocity diagram for practical design, there will 
be a decrease in velocity of the steam as il passes through each row of moving 
blades and each row of guide blades, due to resistance from friction and shock. 
This loss must be deducted from the relative entrance velocity to find the rela- 
tive exit velocity in each row of blades ; or actually, for example. Ft = Fi X n, 
where n is the ef&ciency of the blade passage. 

The force exerted by the steam in each set of rotating blades is 

9 
where a is the acceleration of the relative steam velocities projected on the 
plane of rotation. In each case this would be the sum of the components of 
the relative steam velocities along the plane AB. 

The indicated work done would be the product of the forces acting on 
each set of moving blades and the distance u through which these forces act ; or. 

Work done in foot-pounds = (^ + ^^) X u. 

The energy expended in B. T. U.'s in overcoming friction and shock in 
each row of blades, moving or guide (considering that the steam velocities are 
getting smaller in value as the steam flows through the blade passages), for 
one pressure stage velocity compoimded twice would be, froni equation (9) : 

First row of moving blades: -&!= sorun ' ^^^^ 

First row of guide blades: Ht= ^^50^^''^ ; (12) 

(y.* y*^ 

Second row of moving blades : JSTs = ^0040 * ^^^^ 

The indicated work in foot-pounds for the pressure stage would also be ex- 
pressed as follows : 

777.5 {Hn — E^ — Ht — H,) = 

lll^lun (^-'-^-^) (F,»-F0 _ (F>--F0 1 

where H is the heat drop in the nozzles and n is the efi&ciency of the nozzles. 
The theoretical action of the steam represented on the TE diagram for the 
two pressure stages is shown in FIGURE 25. The heat drop in the first set of 
nozzles due to expansion of the steam, or the total available heat, is 161 
B. T. U.'s. The expansion line a can be plotted if the efficiency of the nozzle 
is assumed to be 0.9. The steam will have a volume of 3.7 cubic feet to each 
pound upon entrance to the nozzle, and will expand through the nozzle to 26.2 
cubic feet to each pound at the exit. The heat used in overcoming friction and 
shock in the blades of the first pressure stage is added to the total heat; the 
increase, taking place at constant pressure, is the amoimt found from equations 
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(11), (12), and (13). In this case its value is 79 B. T. U.*s. The increase of 

, or 0.118. Lay off be equal to 0.118. The volume of 



79 



entropy is — 

^^ 460 + 207 

steam per pound as the steam leaves the second row of moving buckets of the 
first pressure stage is, therefore, 28.6 cubic feet to each pound. This increase 
in volume necessitates an increase in the height of the blades to allow more 
space for the steam. 

The action of the steam as it passes through the second set of nozzles and 
the second pressure stage is similar to that in the first pressure stage. The 
work is divided equally between the two pressure stages. The heat available 
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FIGURE 26. 

TE Diagram for Two Velocity Gompoimded Pressure Stages. 

for the second stage is increased, due to the regenerated heat from the first 
stage by 

he X (t, — U), or by 0.118 X (207 — 102) = 12.4 B. T. U.'s. 

The increase of entropy due to friction and shock of the steam passing through 
the blade passages of the second pressure stage is 0.14. Lay off de equal to 
0.14. 

The loss of heat to the condenser will be increased due to the reheat from 
friction and shock through both pressure stages by 
(6c + de)X (t, + 460), or by (0.118 + 0.14) X (102 + 460) = 145 B. T. U.»8. 

Reaction Compounding. The principles described so far have been 
those that apnlv to the impulse turbine. The reaction compounding principle 
applies to ^on turbine of which the Parsons is the most prominent 
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representative. In this turbine there are alternate rows of guide and moving 
blades. The guide blades are attached to the casing; the moving blades are 
attached to the rotor which is in the form of a drum attached to a shaf t, as in 
the impulse turbines already dealt with. The steam expands continuously 
from boiler pressure to condenser pressure from the entrance to the first row 
of guide blades to the exit from the last row of moving blades. The steam thus 
acquires a gradually increasing velocity due to its expansion, part of this 
velocity being absorbed by each row of rotor blades as it passes through them. 
If the rotor were prevented from moving and the steam allowed to flow through 
the turbine, the blade passages taken together would constitute a large expan- 
sion nozzle and the steam velocity would increase continuously from beginning 
to end. 

The steam flows through the first row of guide blades g, FIGURE 26, with 
a small amount of expansion and acquires an initial velocity. It then fiows 
into the blade spaces of the first row of rotor blades w, expanding still more 
and acquiring a further increase in velocity which is partially absorbed by 
the first row of rotor blades. The steam continues to fiow in the same manner 
through each succeeding pair of blade rows, giWi, gaWi, and is gradually reduced 
in pressure a few pounds step by step through each pair of blade rows. The 
volume of steam increases as the pressure falls. 

The velocity curve shows a slight increase in velocity through each row of 
guide blades, and a slight decrease in velocity through each row of rotor blades, 
due to the fact that the rotor blades absorb the velocity. These velocities are, 
of course, all absolute velocities. 

The pressure curve shows a gradual decrease of steam pressure towards 
the condenser pressure, the pressure at all points in the blade passages being 
higher than the turbine exhaust pressure. As the pressure on the entrance 
side of a row of blades is greater than the pressure on the exit side of the 
same row of blades, there will necessarily be a small amount of steam leakage 
over the tips of the blades. This steam leakage is called " tip leakage *' and 
leads to the necessity of constructing the reaction turbine with as small an 
amount of tip clearance as will be consistent with safe running* 

As the steam pressure is greater at the entrance to each row of moving 
blades than the pressure at the exit from each row of moving blades, there will 
be an axial thrust in the direction of steam fiow. In Parsons turbines for 
propulsion, the steam fiows from forward aft. The thrust created is balanced 
by part of the propeller thrust in turbines on the propeller shaft and by thrust 
blocks where reduction gear is used as on the Wadsworth. 
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With the simple reaction turbine it is necessary for the relative steam 
entrance angle to be 90^ in order that there will be no impulse. In order to 
extract all the energy from the steam it should emerge from the mpving blades 
with an absolute velocity, the component of which along the plane of rotation 
is zero. Under these conditions the velocity diagram, FIGURE 27, is con- 
structed with V the absolute entering velocity, u the peripheral velocity of the 
moving blades, Vx the relative entering velocity, b the relative steam entrance 
angle = 90"", and Vs the absolute exit velocity. Then the absolute exit velocity 
Vs has no component along CB. It is evident that 

CB = u, and that tt = F cos a, 

where a is the absolute steam discharge angle from the first row of fixed 
blades. The condition of Tnaximum efi&ciency is, therefore, for a simple reac- 
tion turbine, that the peripheral blade speed should equal the component of 
the entering steam velocity along the plane of rotation. 

A 




V = steam Telodty at exit from the let row of ffotde 
blades. 

V = Steam Telocity absolute at entrance to moTinir 
bladea. 

Q Vi=: Steam Telocity relatlTe at entrance to moTinir 

bladea. 
ys= Steam Telocity relatlTe at exit to moTin^ bladea. 
Vt= Steam Telocity abeolote at exit to moTlBC 

blades, 
n = Blade peripheral speed In feet per second, 
b =: RelatlTe steam entrance angle. 



FIGURE 27. 

Velocity Diagram for Simple Reaction, Maximum Efficiency. 

In order to reduce peripheral speed of the rotor to practical limits, the 
expansion in the compound reaction turbine is carried through many rows of 
guide and rotating blades. There may be consecutive rows all of the same 
diameter followed by others of greater diameter as the required volimie for 
the passage of the steam becomes greater and greater. Each row of blades, 
either guide or rotating, is in fact a pressure stage, but for convenience of 
design each pair, made up of one row of guide blades and one row of moving 
blades, is called a stage. Each group of rows of the same diameter or the same 
height is called an expansion. 

As there is some impulse in the reaction turbine, the ratio between blade* 
speed and steam speed in the multi-stage reaction turbine, for the best efficiency, 
must fall somewhere between 0.5 and 1.0. 

The velocity diagram for one expansion is shown in FIGURE 28. Assum- 
ing that the diameter of the rows of blades is constant, the peripheral velocity 
of all rotating blades will be the same. Let this value be called vu The 
diagram is constructed for constant conditions of absolute and relative veloci- 
ties throughout the various stages; that is, F=Fa = F4 = Ft and Fi = Fa 
= Fs =Ft. Values on the diagram are assigned for convenience of compari- 
son. The steam expands in the first row of guide blades and attains a velocity 
V with which it enters the first row of moving blades. 
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The force exerted by the steam on each row of moving blades is F == , 

where a is the acceleration of the relative steam velocities projected on the 
plane of rotation. In each case this would be the siun of the components of 
the relative velocities along the plane ahc, or a = (&a + oc), and 

F = ^iba + ac). 
9 
The indicated work done for each row of moving blades would be the 

product of this force and the distance u through which this force acts; or, 
Work done in foot-pounds on each row of moving blades =—Q)a + ac) Xu. 

The indicated work done on both rows of moving blades of this expansion 
would be 



2w 



It wiU be noted 
that the steam ex- 
pands through the 
blade spaces of both 
the guide and the 
moving blades. These 
blade spaces are there- 
fore steam nozzles and 
may be treated as such 
in obtaining the value 
of the indicated work. 
In the first row of 
guide blades the veloc- 
ity increases from 
zero to V; in each row 
of guide blades after 
the first the velocity 
increases from Vt to 
V; in each row of 
moving blades the 
velocity increases 
from Vi to V. The 
indicated work in 
foot-pounds could 
then be expressed as 
follows for one pound 
of steam: 



(&a -h ac) X u. 







V = steam relodtj at exit from 1st row of grnlde Uadea. 

V = Steam Telocity abaolate at entrance to lit row of moring blades. 
Vi= Steam Telocity relatlTe at entrance to 1st row of moTing blades. 
Vs= Steam Telocity relatlTe at exit from Ist row of moTing blades. 




V«= Steam Telocity absolute at entrance to 2d row of moTlng blades. 
Vi= Steam Telocity relatlTe at entrance to 2d row of moTing blades. 
¥•= Steam Telocity relatlTe at exit from 2d row of moTlngblades. 
Vt= Steam Telocity absolute at exit from 2d row of moTlng blades, 
a = Blade peripheral Telodty In feet per second. 

FIGURE 28. 

Velocity Diagram for a Reaction Expansion. 



First row of guide blades : 777.5 X Hx^ where Hi = 



y 



Each row of guide blades after the first : 777.5 X Htj where Ht = 



50040 ' 
_(y*-F.*). 



50040 



Each row of moving blades: 777.5 X if., where g« = ^g^v^Y' ^ , 

DUU4U 

The absolute steam velocity from the last row of moving blades is Vt. This is 
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residual velocity which does no work in this expansion. The work lost is 
equal to 

^* X 777.5=^ foot-pounds. 



50040 2g 
The total work done by the expansion per pound of steam is 

777.5 (ff 1 + ff, + 2H,) — il foot-pounds. 

The total useful heat is (^i -{- JJt -f- 2Hi), and the total heat required for this 
expansion for each pound of steam is 

{Ex + g« + 2g.) 
n ' 

where n is the efficiency of the expansion. 

The theoretical action of the steam represented on the TE diagram for 
two stages of an expansion is shown in FIGURE 29. Due to the fact that the 
steam enters the first row of guide blades with initial velocity of zero and must 
acquire a velocity of 1800 feet per second upon exit, there wiU be a greater 
heat drop in the first row of guide blades than in the succeeding ones which 
expand the steam to the same velocity, but from an initial velocity of 787 
feet per second. With an efficiency of 0.7 throughout the expansion, that is, a 
heat loss due to friction and shock of 0.3, the expansion line may be plotted. 
The heat necessary to create the exit velocity of the first row of guide blades 
from equation (9) will be 

^'~ 50040 X .7 ~ 50040 X .7 ~ '^ ' ^' ^'^' 

The heat expended in each row of moving blades and in the second row of 
guide blades from equation (10) will be 

y»-y,a ^ (1800y-(787V _^^83B T U ^s 
50040 X .7 50040 X .7 '^"^ i^. i. u. s. 

Principles Used in Marine Turbines. Turbines as used in the Naval Ser- 
vice are the main turbines used for propulsion, and smaller turbines used for 
driving auxiliary machinery, such as pumps, blowers, and generators. The 
small size turbines are constructed on one or two of the impulse principles. 
Types of these turbines will be described in a later chapter. The main turbines 
are constructed on the pressure compounding impulse, pressure velocity com- 
pounding impulse, and reaction compounding principles. In impulse turbines 
the first few pressure stages are usually velocity compounded, the succeeding 
pressure stages being constructed with but one row of moving blades to the 
stage. A later development of the turbine combines at the high-pressure end 
an impulse pressure stage, usually velocity compoimded, with a number of 
reaction expansions following to the turbine exhaust. In this case the turbine 
is known as a " mixed '* or " combined '^ turbine, for the reason that the basic 
principles of impulse and reaction are combined in the same turbine. 
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FIGURE 29. 

TE Diagram for a Reaction Expansion* 
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CHAPTER VL 
BLADES. 

Purpose. Blades attached to the rotor serve the purpose of imparting 
motion to the rotor and to the rotor shaft. They are the direct agents for 
converting the kinetic energy of the steam into mechanical energy. 

Blades attached to the casing and called guide or fixed blades serve the 
purpose of guiding the steam in the correct direction in order that the steam 
may impart its force against the moving blades in the direction of rotation. 
In the reaction turbine the guide blades serve the additional purpose of 
expanding the steam; and in the impulse turbine, where dnun construction 
of rotor is used, the guide blades for the stages in wake of the drum serve 
the purpose of expanding the steam. 

Buckets. The shape and design of blades on the rotor and on the casing 
are the same. The face of one blade and the reverse side of the adjacent blade 
together form a bucket, passage, or space through which the steam flows. 
The conversion of the kinetic energy of the steam into mechanical energy 
takes place within the moving buckets. The boimding surfaces of the buckets 
control the direction of flow of the steam. 

Requirements. The blades must be so formed and manufactured that 
the steam will give the required results with a minimum loss from shock, 
eddying, and friction. 

Material. Blades are made of: 

1. Bronze which has been extruded through a die of proper shape 
to give the blade the correct cross-sectional shape, the metal being forced 
out of the die in a long bar which is then cut into pieces of the proper 
length for the blades which are machined where necessary. 

2. Nickel steel machined from solid nickel steel bar. 

3. Steel stamped from steel strip and machined where necessary. 

4. Other different alloys stamped or machined to shape. 

5. Steel which is a part of the turbine wheel, the blades being milled 
to shape by a special tool in the case of small turbines. 

Impulse Blades. The shape and cross-section of the impulse blade is 
determined by the necessity to maintain steady flow of steam with a minimum 
amoimt of loss from eddying, shock, and friction. 

In order that steady flow of steam may be maintained through the bucket, 
impulse blades should be thickened at the center, otherwise the cross-sectional 
area of flow will be greater at the center than at the entrance and exit of the 
bucket and will leave an eddy space at this point. If the blades are of constant 
parallel section, as in FIGURE 30, this eddy space is shown at a. This space 
might also cause local expansion of the steam. The blade is therefore thick- 
ened at the middle in order that the cross-sectional area of the steam as it 
flows through the buckets will at all points be the same. 

41 
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With high velocities of steam that sometimes obtain in the first velocity 
compounded pressure stage of an impulse turbine, the centrifugal action of 
the steam due to turning may cause the steam to compress at the point of 

turning leaving an eddy space 
at a. FIGURE 31. It is there- 
fore necessary in this case to 
still further tiucken the blades 
at this point of turn, as shown 
in FIGURE 32. 

Assuming that shock is to 
be avoided, the inlet angle of 
the blade will be determined by 
the velocity and direction of 
steam flow relative to the plane 
of rotation, combined with the 
desired peripheral blade veloc- 
ity ; that is, the blade entrance 
angle will in this case be equal to the angle that the steam velocity, relative 
to the moving or rotor blades upon entrance to the buckets, makes with the 
plane of rotation. In FIGURE 33, let V represent the absolute velocity and 
direction of the entering steam and u the peripheral blade velocity and direc- 
tion of rotation. The velocity and dii-ection of the steam relative to the 




FIGURE 30. 

Necessity for Thickening Impulse Blades 
at the Center. 





FIGURE 31. 

Compression of Steam 
at the Turn. 



FIGURE 32. 

Thickening of Impulse Blades 

to Allow for Steam 

Compression. 



buckets will be Vi. The inlet angle of the bucket in order to avoid shock 
should therefore be oti, the same value as the relative steam entrance angle. 
The width of the entering steam is a. 

If the steam is ^tering fixed or guide blades, the blade entrance angle 
is determined by the direction of absolute velocity of steam discharge from 
the preceding row of rotating budcets. This is the entering velocity and 
direction of the steam for the guide buckets relative to the guide buckets. 

If the inlet angle is made too small, there will be a loss from shock and 
eddying, and in tiie case of the moving buckets an impulse is given in the 
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reverse direction to that of rotation; that is, the steam will discharge against 
tht FIGURE 34, where is the blade entrance angle and a is the relative 
steam entrance angle. 

The exit blade angle, ai, FIGURE 33» is determined by the relative direc- 
tion and velocity of the steam as it leaves the buckets. If the velocity diagram 
is completed in this figure, u representing direction and velocity of the bucket 
periphery, then Vi is the direction and value of the exit velocity relative to 
the rotating blades and Vi is the absolute steam exit velocity. The width of 
the steam as it leaves the buckets is h, and is equal in this case to the width 
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FIGURE 33. 

Impulse Blade with No Shock. 

a at the turn. In order that the steam may be properly guided as it leaves 
the buckets, that is, that the width b may not be exceeded, the face of the 
blade for a short distance at f is made parallel to the back, dh, of the adjacent 
blade. 

The angle of turn of the steam is 0, FIGURE 33, and is the angle throi^h 
which the steam is turned in passing through the bucket. The smaller the 
entering and exit angles are made, that is, the greater the value of the angle 
of turn, the greater will be the aiergy extracted from the steam in passing 
through the buckets, due to the fact that the component of the velocity on 
the plane of rotation is greater. But on the other hand, the bucket will be 
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lengthened and the frietional losses will be increased. The best angle for 
entrance and exit, as determined by experiment, is between 25"^ and SO'', but 
in velocity compoimding the angle of the first row of moving blades will 
generally have to be less than this. 

The inlet edges of the blades should be sharp for they must split the steam 
as it enters the buckets. The exit edges of the blades should also be kept as 
fine as possible to avoid eddying as the steam leaves the buckets. This will 
be seen by referring to FIGURE 35, where the blades are left thick at the 
discharge edge, leaving spaces a into which the steam will spread. The blades 
for the turbines of the NEVADA have the edges roimded with a radius of 
0.0075 inch. 

In order to prevent the steam from discharging against the back of the 
blade, as in FIGURE 34, and to reduce skin friction by shortening the steam 
channel, the inlet angle of the blades is sometimes made larger in practice 
than is required by theoretical calculation. The loss from shock as the steam 
enters the buckets, due to increasing the blade entrance angle, seems to be 
more than counterbalanced by the reduction in skin friction, due to shortening 
of the steam channel In addition to this, the blade width is decreased, which 
means considerable reduction in the length of a large turbine. FIGURE 36 
represents a bucket designed for a blade entrance angle P, 30"^ greater than 
the steam entrance angle ai. The blade is said to have an entrance angle with 
30"^ shock. The width k is reduced considerably from the corresponding dimen- 
sion of FIGURE 33, which represents similar blades with no shock. 




FIGURE 34. 

'Blade Entrance Angle Too Small. 




FIGURE 36. 

Blade Edges Too Thick. 
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FIGURE 36. 

Impulse Blade with 30° Shock. 
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Reaction Blades. The shape of the cross-section of the reaction blade is 
determined by the necessity to expand the steam in the smoothest way possible 
without eddying, shock, or excessive friction losses. 

The entrance angle, instead of being determined by the relative steam 
entrance velocity, is made larger than the relative steam entering angle and, 
therefore, is by no means arranged to avoid shock as the steam enters the 
buckets. The reaction blade is shown in FIGURE 37 with the velocity diagram 
drawn as for the impulse blade. The relative steam entrance angle is ai. The 
blade entrance angle is p, which in this case is equal to 90®. The construction 
of the blades as shown dotted would be for no shock; hence, it is seen that 
if the blades are made for no shock, the steam channel would be increased in 
length and the losses from friction would be considerably increased. Results 
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V la the galde blade steain exit Telocltj. 

V| la tbe ateam yelodty relatlTe to the moTisf bladea. 

•i la the relatlye ateam entrance angle. 

fi ia the blade entrance anfle=00*. 

a la the width of the band of ateam entering the bladea. 

b la the width of the band of ateam learlng the bladea. 

Tf la the ateam exit yeloclty relatlye to the bladea. 

Vfl la the ateam exit yelodtj relatlye to the caalng, or la the abeolnte exit yeloclty. 

k la the width of the bladea In the direction of the turbine axis. 

n la the peripheral apeed of the bladea, or apeed In feet per second. 

oa la the relatlye ateam dlacharge angle=the blade dlacharge angle. 

# la the angle of turn of the steam = 180 *—(«i +09). 

The dotted lines represent the same bladea constructed for ** no ahock " ; that Is, 
If fi were decreaaed In yalue to equal «!• 

FIGURE 37. 

Reaction Blade with Entrance Angle of OO"", 

appear to show that the losses from shock due to enlarging the blade entrance 
angle are more than coimterbalanced by the reduction in friction due to 
shortening the steam channel. 

As the buckets are converging steam nozzles in which expansion of the 
steam takes place, the blades need have no thickness; but for purposes of 
strength the blades are thickened at the middle, as shown in FIGURE 37. 

The smaller the exit angle is made the greater is the peripheral component 
of the discharge velocity. This is the only component available for useful 
work in the rotating buckets. When the discharge angle is very smaU the 
steam channels become long 'and extremely narrow at the exit, thus causing 
large friction losses. The exit angle is accordingly made to be about 20"^. 
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The same considerations which govern sharpness of entrance and exit 
edges of impulse blades make it necessary to have edges of the reaction blades 
as sharp as is consistent with strength of material. 

The width of the entering jet of steam is a; of the leaving jet is b. The 
ratio between these two dimensions lies usually between 2 and 3, or 

a 2.3 
y = yto y. 

Blade Annuhit Area. The blade annuliis area is the area comprised be- 
tween the circumference at the base of the buckets and the circumference at 
the top of the buckets. 

The relation between the width of one bucket at the exit to the .width of 
the exit steam of one bucket is expressed in FIGURES 33 and 36 by the equa- 
tion: 

o = m sm tti ; or w = ^; , 



sm at 



where 



h is the mean width of the steam jet from one bucket, 
m is the mean pitch, or peripheral spacing of blades, 
as is the blade discharge angle, 

and the assumption is made that the edges of blades have no thickness. 
If n is the number of buckets, and h is the height of the buckets, then 

Blade annulus area = m X n X h = —-. . 

sm as 

Actually, blade edges have a certain thickness. This thickness will de- 
crease the bucket exit width from 8 to 15 per cent, depending on the blade exit 
angle, and must be allowed for in designing. The ratio between the width of 
one bucket at the exit and the exit steam jet width is then expressed by equa- 
tion 

(fXm) ^ 1 
b sin as' 

where f is s, thickness factor determined for each row of blades and varying 
in value from 0.85 to 0.92. Blade annulus area is then expressed by the 
equation : 

(1) Blade annulus area = w X n X fe = ^^^.^^ . 
^ ^ / X sm as 

If the weight of steam passing through the buckets per second, specific 
volmne of the steam, and velocity of steam exit in feet per second be known, 
then 

Cross-seetional area of [= & X n ^^^^^ ^^ ^ ^ ^^ 
^ ' steam exit m square mches ^^ — y ^ 

and from equations (1) and (2), 



^Q\ Blade annulus area 
'^ '^ in square inches 



= mXnX* = ?X'»X* 



/ X sin as 

(Specific volume) X weight X 144 

F X / X sin as 
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Made Height If the mean diameter of the blade amiuliis area is D 
inches, then 

Blade height = fc = Made aimulus area 

Diameter of the bottom of buckets = D — h, and diameter of the top of buck- 
ets=I? + fe. 

Securing Blades. The methods of securing blades to the rotor and the 
casing will be taken up in the description of each type of turbine. 



CHAPTER Vn. 

MARINE TURBINE CONDENSING PLANTS. 

NeceMity for High Vacuua. Theoretically, as well as practically, the effi- 
ciency of the ihariiie turbine is greatly increased by an increase in the per- 
centage of vacuum in the condenser, or by a decrease in the back pressure 
against which the exhaust steam discharges. The reason for this increase of 
efficiency is that the turbine is admirably adapted to the use of low-pressure 
units and large exhaust pipes that will allow the steam to be expanded to large 
volmnes corresponding to pressures as low as 0.7 of a poimd per square inch 
absolute, or to a vacuum of about 95 per cent (28.5 inches) • 

Reasons for the Development of Modem Condensmg Hants. As the neces- 
sity for higher vacuua than about 88 per cent has never arisen with recipro- 
cating engines, owing to the fact that lower pressures than 1.8 poimd per 
square inch absolute would necessitate expanding steam to such a volmne 
that the size and weight of the L. P. cylinder would be prohibitive, the 
condenser for a reciprocating engine was designed to give the required 
vacuimi without any great difficulties as to size and weight. But for marine 
turbines it is of the utmost importance to so design the surface condenser as to 
fulfil the condition of a high vacuum and still keep the condenser within 
practical limits of size, weight, and space occupied. Hence, with the advent 
of the marine turbine, more attention has been paid to the design of the 
condensing plant, with the result that there are various installations now in 
use peculiarly well adapted to meet the needs of the turbine. 

Lunits of Expansion of Steam. To expand steam from 200 poimds per 
square inch absolute to one pound per square inch absolute, at which points 
steam has a specific volume of 2.29 cubic feet and 333 cubic feet respectively, 
the volume must increase about 145 times. To carry the expansion to this 
point, in the reciprocating compoimd engine, the cylinder ratio would have 
to be about 44 to 1.* The diameter of the L. P. cylinder would have to be 
about 6.6 times that of the H. P. cylinder. This is an impracticable size 
for the L. P. cylinder on accoimt of weight and space occupied. On the 
other hand, in the case of the turbine the steam may be easily expanded 150 
times without encountering difficulties. 

Woric Done Compared on the PV Diagram. The comparison of work 
done by the turbine by expanding steam to a low pressure with that done by 
the reciprocating engine by expanding the steam to a pressure .within practical 
limits is illustrated in the PV diagram, FIGURE 38. One pound of steam is 
expanded from an initial pressure ab in both the turbine and the reciprocating 
engine. The expansion line is bcx. At point c expansion has been carried 
as far as the size of the L. P. cylinder permits. The exhaust valve opens, 
hence c is the point of release. The pressure then drops from c to d with 
constant voliune. The condenser pressure is ed. The section of the diagram 
marked abcde represents the theoretical value of the energy of the steam 
converted into work by the reciprocating engine operating against a back- 

* The H. P. cut-off is assumed to be 0.3. The limit of size of compound engines is with a cylinder ratio 
of 1 to 3.8. 

49 



50 



STEAM TURBINES. 



pressure of four pounds per square inch absolute, or a vacuum of about 
22 inches. This back-pressure is represented by ed. If the back-pressure is 
now reduced to two poimds per square inch absolute, the gain in power for 
the reciprocating engine would be due simply to the reduction in back-pressure 
represented by the hatched area having the length p on the diagram. This 
is but a small percentage of the total area of the diagram, abcde. By designing 
the point of release to come further along the expansion line, a further increase 
in power could be obtained, but this is impracticable with the reciprocating 
engine for the reasons already given, increased volume of the L. P. cylinder 
beyond practical values of size and weight. 




If-- 



p ^^ -.t 

FIGURE 38. 

PV Diagram for Turbine and Reciprocating Engine. 



With the turbine, expansion may be carried further, as it is an easy 
matter to enlarge the volume of the L. P. blade spaces, or buckets, to take 
care of the increasing volumes of steam due to its greater expansion. At the 
same time, with the turbine, work is extracted from the steam up to the point 
of exhaust from the last row of L. P. blades. In the diagram, FIGURE 38> 
expansion in the turbine may be carried to two poimds per square inch abso- 
lute, or to the point x of the expansion line. The gain in power of the turbine 
ox>erating with a vacuum corresponding to this pressure over a reciprocating 
engine operating with a back-pressure of four poimds per square inch absolute 
is represented by the sum of the hatched section having the length p and 
the hatched section having the length t The gain in power of the turbine 
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over the redprocatiiig engine, where both are working with a condenser pres- 
sure of two pounds per square inch absolute, is represented by the hatched 
area having the lengtti t 

Work Done Compared on the TE Diagram. In FIGURE 39 the gain 
in power of the turbine operating with a low condenser pressure is shown on 
the TE diagram. The expansion is assumed to be adiabatic. Area abcde 
represents the energy utilized by the reciprocating engine expanding steam 
from pressure (or temperature) ab to a back-pressure ed of four pounds per 
square inch absolute. The point c is the point of release, from which the 
steam pressure drops to d with constant volume. 




FIGURE 39. 

TE Diagram for Turbine and Reciprocating Engine. 

The area abke represents the energy utilized by the turbine operating 
between the same pressures. This shows a gain over the reciprocating engine 
of work done in B. T. U. *s equal to area ckd* 

If now the condenser pressure for both reciprocating engine and the 
turbine is reduced to two pounds per square inch absolute, or to gfh, the gain 
in energy utilized in B. T. U.'s would be for the reciprocating engine edfg, 
and for the turbine eldig. The gain for the reciprocating engine, edfg, is 
but a smaU proportion of the area abcde; while the gain for the turbine, 
eldig, is a considerable part of the area abke. 

For the reciprocating engine to gain materially in efl&dency by using 
a high vacuum, it is evident that the release point c must be lowered. This 
means an increase of the volume of the exhaust steam, and hence an increase 
in the size and weight of the L. P. cylinder beyond practical limits. 
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Failure of the Vacuum. For the same reason that the turbine increases 
its power due to a high vacuum, failure to obtain the designed vacuum will 
result in a falling off in power developed. This will be much more serious 
in the turbine than in the reciprocating engine. This fact is well illustrated 
in the case of turbine powered torpedo-boat destroyers operating in the tropics 
with a temperature of circulating water in the condensers of 80° to So"". The 
falling off in vacuum is from two to four inches, with a consequent serious 
reduction in speed of the destroyers resulting from the failure to obtain the 
designed power from the turbines. 

Percentage of Gain for Turbines by Increase of Vacuum. In practice, 
the gain in economy due to increasing the vacuum for turbines from 26 to 
27 inches is about 5 to 6 per cent; increasing from 27 to 28 inches, about 
7 per cent. 

Mechanical Parts of a Condensing Plant The condensing plant for 
the turbine consists of the condenser, the circulating piunp for circulating 
cooling water through the condenser, the air and water removal pump or 
pumps, and a feed tank into which the water of condensation is discharged 
from the air-pump and stored for further use in the boilers. 

v^ Surface Condenser. The surface condenser is the type of condenser used 
for marine purposes. It consists of a chamber or shell containing a number 
of composition tubes through which the circulating water passes. The steam 
condenses on the outer surfaces of the tubes. The water of condensation is 
pumped by the air-pump to the feed tank. The air is reduced in volume by 
cooling and is removed by the air-pump. The latent heat of the steam at 
condenser temperature and the heat removed from the air is transmitted 
through the tubes to the circulating water, the temperature of which is thereby 
raised. 

The number of B. T. U.^s of heat carried away by the circulating water 
from each pound of saturated steam used in the turbines, assmning adiabatic 
expansion to have taken place in the turbine operating between 200 pounds 
and one poimd per square inch absolute is 

B. T. U/s = 1.413 (460 -|- 102) = 794.1, 

where 1.413 is change of entropy at 102^F. and (460 + 102) is the absolute 
temperature of the exhaust steam. 

' Reciuirements of a Condensing Plant. The requirements of a condens- 
ing plant for marine turbines are the following: 

1. Reliability. 

2. Simplicity. 

3. Ability to maintain the designed vacmmi at all times. 

4. The total weight and the space occupied to be within the practical 
requirements of ship construction. 

5. Greatest possible efl&ciency of condenser cooling surface. 

6. Rapid and complete removal of air and of water of condensation 
from the condenser. 

7. As high a temperature of water discharged to the feed tank as is 
consistent with maintaining the designed vacuum. 

8. Economical operation of pumps; or, the high vacuiun must be 
obtained without an excessive expenditure of steam. 
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Condensers for Turbine Installations. The necessity for high vacuna to 
give high efficiency of marine turbines has resulted in the development of 
condensers that meet the requirements of the preceding paragraph. Descrip- 
tion will be limited to these types, as information in regard to the ordinary 
cylindrical marine condenser may be found in text-books on the reciprocating 
engine. 

V Weir Uniflux Conilenser (FIGURE 40). The main features of this 
condenser are the shape of the cross-section, the spacing of the tubes, the size 
of the steam opening, the bottom baffle-plate, and the vertical plates supporting 
the shell. 

The transverse section A decreases in area from the steam entrance to 
the air-pump suction to reduce weight by allowing just sufficient volume for 




FIGURE 40. 

Weir Uniflux Condenser. 



the steam as it is condensed to water in passing throu^ the condenser. This 
insures constant velocity of steam through the condenser. 

The tubes are spaced further apart at the top or entrance to the condenser 
than at the bottom, to allow for the larger volxm[ie of steam at the entrance 
before condensation starts. 

The steam discharge from the turbine extends the whole length of the 
■ condenser. This not only gives a very easy flow for the entering steam, but 
also allows it to discharge equally over all the tubes, using to full advantage 
the whole cooling surface. 

A baffle-plate, B, pierced with a number of holes is arranged immediately 
under the bottom row of tubes. This prevents the main flow of steam being 
direct to the air-pump suction, and consequently prevents the end portions of 
the tubes from not being used effectively. 

The shell is supported at the sides and top by the vertical plates P which 
are arranged paraUel to the direction of the steam flow. These plates are 
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riveted to the shell and do away with stay bolts, eliminatiiig possible sources 
of air leakage where the stay bolts would pierce the shell. 

\ Contraflow Condenser (FIGURE 41). This condenser is of the same 
shape as the uniflux condenser, but possesses the additional feature of baffles 
to guide the steam through the condenser. As the steam enters the condenser 
with considerable velocity, the kinetic energy is utilized to deflect the steam 
current towards the air-pump suction. Plates P are provided to promote a 
tmiform distribution of steam entry. Plates B direct the lines of flow towards 
the narrow longitudinal channel formed by baffle C and the sides of the 
condenser. The effect is to compress the air into the air-pump suction A, 
and thereby to permit the air-pump to maintain in its suction a TniniTnum of 




FIGURE 41. 

Contraflow Condenser. 




FIGURE 43. 

Parsons Augmenter. 



air-pressure. Consequently, the weight of air normally contained in the con- 
denser and the air insulating effect on the efficiency of heat transference are 
reduced. 

Bent Tube Condenser (FIGURE 42). The cross-section of this con- 
denser is oval in shape, though the cylindrical cross-section is not unusual. 
The tubes are expanded in both tube sheets. To allow for their expansion 
when heated, the tubes are bent. When they expand, they take on a curvature 
of smaller radius. The steam exhaust pipe from the turbines is braced (not 
shown) instead of being supported by plates. 

The condenser is provided with a system of baffle-plates for the purpose 
of separating the air from the vapor and condensed steam as it flows towards 
the air-pump suction. Two horizontal solid baffle-plates A and B run the 
whole length of the condfenser, but are cut away on the side opposite to and 
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on the end nearest to the wet and dry air-piunp suctions, so as to provide a 
passage for the air and water. To reduce radiation of heat from the water 
that collects on top of plate A to the air which is being cooled in the lower 
part of the condenser, the bottom of plate A is provided with a vacuum 
chamber. Whatever water collects on top of plate A is drawn off by a pipe 
P connected through a water seal to the wet air-pump suction W. A vertical 
baffle-plate C, between baffles A and B, extends beyond mid-length of the con- 
denser and serves to direct the air caught between plates A and B to flow 
through the nest of tubes under plate A and to the left of plate C, thence 
through the nest of tubes under plate A and to the right of plate C, to the dry 
air-pimip suction R. Perforated baffle-plate D also extends to the middle of 
the condenser for the purpose of screening the wet air-pmnp suction. 

Air-Pumps. The term ** air-pmnp ^^ is applied to the pumps used for the 
removal of both air and water from the condenser. Where pmnps are installed 
to perform the separate fimctions of air removal and water removal, they are 
called respectively ** dry air-pump ^^ and ** wet air-pmnp. ^^ The suction of 
the dry air-pump, where such is installed, is above the suction of the wet 
air-pump. 

Air-Pumps for Turbine Installations. Since the marine turbine has come 
into general use, various systems for creating and maintaining high vacuua 
have been developed. These systems may be classified as follows : 

1. Steam jet or steam and water jets working alone or in connection 
with rotary or reciprocating pmnps, examples of which are : 

(a) The Parsons augmenter. 

(b) Radojet air ejector. 

(c) The Westinghouse air ejector. 

(d) The Morison air ejector. 

2. Wet and dry air-pumps, either rotary or reciprocating, examples 
of which are : 

(a) Weir dual air-pmnp. 

(b) Blake twinplex pump. 

(c) Twin air-pumps. 

The Parsons Augmenter (FIGURES 43 and 43a). The augmenter con- 
sists of a steam ejector proportioned to use either high pressure or low pres- 
sure steam as may be desired, which is arranged with either an independent 
suction for the steam ejector from the lower part of the condenser, as in 
FIGURE 43a, or with a suction connection for the steam ejector from the top 
of the main air-pump suction pipe leading to the bottom of the main condenser, 
as in FIGURE 43. The steam ejector discharges into a separate condenser 
called the augmenter condenser, in which the pressure becomes from one inch 
to one and a quarter inches higher than in the main condenser. The function 
of this small condenser is to condense the steam from the jet of the ejector and 
to reduce by cooling the volume of vapor and air drawn off from the main con- 
denser by the steam ejector. The main air-pmnp suction connects through a 
water seal to both the main and the augmenter condenser, the increased pres- 
sure in the augmenter condenser forcing the mixture of vapor and air into the 
air channel way in the main air-pmnp suction. The water seal prevents the 
ait and vapor from re-entering the main condenser. The augmenter con- 
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denser has from 2 to 3 per cent of the cooling surface of the main condenser. 
By the extraction of practically all the air from the main condenser by the 
steam jet, the conductivity of the cooling surface of the main condenser is 
much increased. The steam used by the ejector is about 0.6 per cent of the 
steam used by the turbine plant at its normal full load. Water flows by 
gravity from both condensers to the main air-piunp suction. The main air- 
piunp used may be one. of standard make, but the augmenter is usually in- 
stalled with a Parsons compound pump. 

Radojet Air Ejector/ The arrangement of the Radojet marine turbine 
installation is diagrammatically illustrated in FIGURE 44. 

Live steam is delivered through the steam strainer and the pressure regu- 
lating valve to the main steam valve of the Radojet air ejectors at practically a 
constant pressure, the regulating valve taking care of variations in the boiler 
pressure. 




FIGURE 43a. 



There are two steam ejectors connected by suction pipe to the main con- 
denser. Either one or both of these ejectors may be used at one time, a gate 
valve being installed in the suction lines so as to permit of either ejector being 
shut off or placed in use. The ejectors discharge through a pipe to the feed 
tank. A swing check valve is installed in this pipe close to the feed tank to 
prevent any water from rushing back into the ejectors if shut down before 
breaking the vacuum in the main condenser. 

Inside the feed and filter tank the mixture of vapor and air removed from 
the main condenser and the steam from the ejectors is discharged through a 
submerged pipe perforated at the bottom. By coming into contact with the 
water, the steam is condensed, while the air, forced to rise by the upward flow 
of the water, is liberated, escaping through a vent at the top of the feed tank. 

*C. H. Wheeler Mfg. Co., Phila., Pa.; and G. L. E. Kothny. 
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FIGURE 42. 

Bent Tube Condenser. 
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The water from the main condenser is removed by a centrifugal air-pump 
called the condensate pxunp. A vent pipe is arranged between the suction inlet 
of the condensate pump and the condenser to permit any air which may have 
be«i drawn into the suction pipe by whirling action to escape back to the con- 
denser and thereby prevent the condensate pump from becoming air or vapor 
bound. The condensate pump discharges water into the feed tank through a 
pipe in which are installed a swing check valve, a gate valve, and a perforated 
pipe with the discharge holes opposite those in the ejector discharge pipe. 
When water discharges from tiiese holes, it gives an upward flow to the air 
and vapor discharging from the ejector discharge, causing the air to rise to 
tlie surface. 




FIGURE 44. 

Radojet Air Ejector System. 

A re-circulating pipe with a strainer, a thermostatically operated valve, 
and a globe valve, connects the feed tank and the condenser. The purpose of 
this pipe is to allow water to flow back to the condenser from the feed tank 
vixen very little steam is entering the condenser. This insiu-es at all times a 
sufficient water supply for condensing the steam from the ejectors. To pre- 
vent an abnormally high temperature of feed water in the feed tank, the ther- 
mostat valve opens when the temperature rises above the point for which the 
thermostat is set, and allows the condenser to draw water through the re-circu- 
lating pipe from the feed tank. By falling over the cool condenser tubes, this 
water will be cooled and returned by the condensate pump to tiie feed tank, 
thus preventing any further rise in tie feed water temperature imtil the steam 
exhaust into the main condenser again supplies sufficient water. 

It is claimed that the use of the Radojet ejector results in a decrease of 
about 37 per cent in steam consumption over a twin beam air-pump operating 
under similar conditions and that the feed water temperature shows an in- 
crease of 15" to 20" F. 
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FIGURE 44a. 
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The Radojet steam ejector is shown in FIGURE 44a, outside views being 
shown in FIGURE 44b. 

The Radojet is an ejector combination comprising in its broadest aspect a 
tubular ejector in the first stage (upper ejector having the air suction open- 
ing) and a radial flow ejector in the second stage (having the discharge). 

The elemental principle involved is that of aspiration of an elastic motive 
fluid as steam. Its potential energy is converted into the energy of high veloc- 
ity by expansion for the production of a high ^'elocity jet, which entrains 
the air to be raised in pressure. The mixture of steam and air is delivered at 
high velocity into a diffuser where the energy of high velocity is re-converted 
into the energy of pressure, whereby the air acted upon is raised in pressure. 




FIGURE 44b. 

Radojet Ejector. 

Referring to FIGURE 44a the operation of the Radojet is as follows: 

Live steam is delivered from a source not shown through opening L, 
through strainer cage 1, pipe 2, auxiliary steam valve 3, strainer cage 4, ex- 
pansion nozzles 5, across suction chamber 6, of the first stage ejector, which 
is in communication with the condenser through the suction opening S. 

The steam expands in the nozzles, leaving with a very high velocity and 
while passing across suction chamber 6, entrains the air and vapors to be 
compressed. 

The mixture passes into the diffuser 7 from where it is discharged at 
higher absolute pressure than that of the air entering at S, into a double pas- 
sage 8 communicating with the suction chambei-s 9 of the second stage. These 
two suction chambers 9 are annular, giving the commingled fluid a large en- 
trainment surface. 

Steam is simultaneously delivered through the strainer cage 1 into pas- 
sage 10 which communicates with the annular expansion nozzle formed be- 
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tween nozzle 11 and nozzle point 12. Nozzle point 12 may be adjusted toward 
or away from disc 11 by the adjusting screw 13 which fonns parts of it to 
vary the cross section of the nozzle passage, thereby changing the expansion 
ratio of the steam. 

The steam delivered radially by the annular nozzle 11 expands between 
same and nozzle point 12, leaving it as a jet of high velocity in the fonn of an 
annular sheet, and in passing across the suction chambers 9 entrains the com- 
mingled air and steam coming from the first stage and carries them into the 
annular diffuser 14, thereby compressing the mixture of atmospheric pressure 
and discharging it into casing 15 which has the discharge opening D. 





FIGURE 44c. 



This t\'pe of Radojet is installed on the Eagle boats and two destroyers 
and will be installed on the new IOWA. 

IntercondenBer RadojeL In the intercondcnser Radojet a small surface 
condenser is placed between two stages of the Radojet to condense the live 
steam used in the first stage so that the second stage has only to entrain the 
air brought in by the first stage. A cross-section through an intercondcnser 
Radojet is shown in FIGURE 44c. 

The operation is as follows : 

The air to be compressed enters at S into the suction chamber of the first 
stage, where it is acted upon by the steam issuing in jets from nozzles. The 
mixture of air and steam is delivered into the chamber B and passes down 
through the condenser tubes I, around which is flowing the cooling water which 
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condenses most of the steam. The condensate remains in chamber C and 
passes off through pipe p, while the air and steam continue their passage up 
through the condenser, tubes t of the second group, where the mixture is fur- 
ther cooled and more steam is condensed- The condensate drips down through 
the drain tubes d into the chamber C The air and remaining steam descend 
through the tubes t of the third group from chamber E into chamber F, the 
condensate passing off through pipe d. Finally, the air ascends again through 
the fourth group of tubes t, any remaining condensate dripping down and 
passing off through drain pipes d. 

The air arriving in the chamber H being free from steam or vapors, 
passes to the suction chamber of the second stage, where it is compressed to 
above atmospheric pressure as previously described. 
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FIGURE 45. 

Westinghouse Air Ejector. 



Any condensate collecting on the upper surface of the tube sheet L runs 
off through the drain pipes d which at the lower end have a water seal, thus 
maintaining the upper and lower chambers isolated from each other as to 
their pressure conditions. 

This type of Radojet is authorized for BATTLESHIPS 49 to 52 and 54. 

Westinghouse Air Ejector (FIGURE 45). The air is removed from the 
condenser by an air ejector of special design operated by live steam. Live 
steam of any pressure available from the boilers enters the ejector, which, 
acts as a dry vacumn piunp, and withdraws the air from the condenser. The 
discharge from the ejector is into an air-separating tank. The water removed 
from the condenser by the centrifugal pmnp is discharged into the air-sep- 
arating tank. This water condenses the steam discharged into the air-sep- 
arating tank from the ejector, raising the temperature of the water in this 
tank. The air removed from the condenser escapes from this tank to the 
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atmosphere through a vent pipe arranged on top of the tank. The water from 
tiie air-separating tank flows by gravity to the feed tank. 

A circulating pipe connects the feed tank and the condenser. The pur- 
pose of this pipe is to allow water to flow back to the condenser from the feed 
tank when very little steam is entering the condenser. This always gives the 
air-separating tank a sufficient supply of water to condense the steam from 
the ejector, and at the same time prevents an abnormally high temperature of 
feed water by cooling part of the feed water as it circulates through the con- 
denser. 




FIGURE 47. 

Morison Air Ejector. 



FIGURE 46. 

Le Blanc Air Ejector. 



Referring to FIGURE 46, the action of the Le Blanc air ejector is as fol- 
lows: 

Live steam is delivered through opening L to the passage 10* through 
pipe 2, auxiliary steam valve 3» chamber 4, expansion nozzle S, across suction 
chamber 6 of the first stage ejector which is in communication with the con- 
denser through the suction opening S. 

The steam expands in the nozzle 5, leaving with a high velocity and while 
passing across suction chamber 6* entrains the air and vapor from the main 
condenser that is to be compressed. 

The mixture passes into the diffuser 7 from where it is discharged at 
higher absolute pressure than that of the air entering at S, into suction cham- 
ber 9 of the second stage. 
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Steam is simultaneously delivered through the passage 10 to the expan- 
sion nozzles 11 of the second stage. The. steam leaves nozzles 11 at a high 
'veloaij and in passing across the suction chamber 9, it entrains the mixture 
from the' first stage and carries it into the diffuser 14, thereby compressing 
the mixture still further and discharging it through opening D into the dis- 
charge pipe to the air separator tank. 

The steam nozzles 5 of the first stage and steam nozzles 11 of the second 
stage are all De Laval nozzles (converging-diverging). 

Moriion Air Ejector (FIGURE 47). This system comprises a two cyl- 
inder reciprocating pump and a steam ejector. Condensed water is removed 
from the condenser A by a wet pump B and delivered to the feed tank. The 




FIGURE 48. 

■^^5^ Weir Dual Air Pump. 

steam ejector C removes air from the condenser at a suction above the water 
suction. This ejector C discharges steam and air into heater D. A pipe E 
led from the piunp discharge of B sprays water into the heater D and con- 
denses the steam from ejector C Water from D is led into the dry air-pump 
barrel F, through pipe G and a non-retum valve. The air from the heater D 
is removed by the dry air-pump F through pipe H connected to the dry air- 
pump suction. Pmnp F discharges to the feed tank. The pipe J supplies 
water either from the pipe E or from the feed tank for the purpose of cooling 
air from heater D. This water also acts as sealing water for pimip F. The air 
is compressed into the heater D into from one-third to one-half of its original 
volume. 

Weir Dual Air-Pump (FIGURE 48). This system consists of two vertical 
pumps worked from one steam cylinder. The wet air-pump is A and the dry 
air-pump is B. In all cases, the wet air-pmnp is situated below the steam 
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cylinder, as this pump is the only one which works under any considerable 
load. The dry air-pump is driven by the beam and links in the usual manner. 

One connection, C, is made to the condenser, but a branch pipe D is led 
from it to the dry air-pump, the connection being so made that the water will 
all pass D and flow to the wet pump. Both pumps are generally of the three- 
valve marine type, but in certain cases the dry pump may be of the suction 
valveless type. 

The main features of this piunp are the separate wet and dry air-pumps, 
the separate suction for each piunp, and the use of the injection water-cooler 
for the dry pxmip. The dry pump discharges through the return pipe E, 
through the spring-loaded valve F, into the wet pump barrel at a point below 
the wet pump head valves. The supply of water to the dry piunp for water 
sealing, clearance filling, cooling of air, and condensing of any steam mixed 
with the air, is obtained when starting by opening the filling valve G for a 
minute or so to enable the vacuum to draw in a supply of water from the dis- 
charge of the wet pump. The valve is then closed and the water passes from 




* FIGURE 49. 

Blake Twinplex Pimip. 

the discharge side of the dry pump by the pipe H to the annular cooler, 
through which a supply of cold sea water circulates. After being cooled it 
passes into the suction of the dry piunp. Then, passing through the dry pump, 
it becomes heated again, passes to the cooler, and so on in a continuous closed 
circuit, any excess passing over through pipe E to the wet pump barrel. The 
circulation through the cooler is provided for by the difference of* pressure 
between dry pump discharge and suction and by the removal of water from 
the suction by the action of the dry air-pump. 

The spring-loaded valve F is adjusted to maintain about 20 inches of 
vacuum in the dry pump discharge when the condenser is working at about 
28 inches of vacuum, and this 8 inches difference of pressure is sufficient to 
cause the water to overcome the cooler friction and pass into the suction, and 
at the same time never allows any direct air connection between the dry suction 
and dry discharge. 

The provision of separate pmnps for air and water suction results in a 
high temperature of discharge from the wet pump and hence a high feed water 
temperature. The air-cooler assists rapid air removal by the fact that the 
water returning to the dry pump suction by way of the cooler cools the air, 
reducing its temperature and volume. 
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Blake Twinplex Pump (FIGURE 49). This system consists of wet and 
dry air-pumps and a cooler. The wet pump, which handles all the water, 
takes its suction from the lowest point of the condenser through pipe A. The 
dry pump removes the air and vapor, after they have passed through a part 
of the cooling surface of the condenser set aside for air cooling, through 

pipe C. 

A sufficient amount of water for sealing the pump valves in the dry pump, 
clearance filling, and condensing of any steam mixed with the air, is taken 
from a pocket in the discharge chamber of the wet pump through pipe S; the 
pocket being so located that the water will be as free from air as possible. 
This sealing water, which is at a pressure corresponding to the wet pmnp 
discharge pressure, is then forced through a tubular sealing water-cooler 
into the dry air-pump barrel between foot valves and bucket valves by means 
of pipe R. The cooling water for the cooler is taken from the sea. 

The wet pump discharges into the feed tank through pipe B. The dis- 
charsie pressure of the wet pump is therefore that due to atmospheric pressm^e 
plus the head of water in the feed tank. 
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FIGURE 49a. 

Cooler Connection for the Dual and Twinplex Pumps. 

The dry pump discharges through a spring-loaded valve placed in pipe 
D into the wet pmnp barrel between bucket and head valves against a pressure 
of about three pounds per square inch absolute. The bucket rod gland of the 
dry pump is sealed by means of water taken from the discharge of the wet 
pimip to prevent air leakage. 

The air-cooler built in with the condenser will lower the temperature 
of the air and vapor about 15°F. below that of the water of condensation at 
the bottom of the condenser. 

The sealing water-cooler may be connected up for both this pump and 
the Weir pump, as shown in FIGURE 49a. 

Twin Air-Pumps. This system consists of two vertical reciprocating 
pumps. The air and water suction unite in one chamber, both pumps taking 
water and air from the chamber. A feature sometimes installed is a pipe 
from the top of this chamber to the discharge side of the air-pump buckets. 
There is a non-return valve in this pipe. On the down stroke^ the air-pumps 
will then take air from this chamber into the space on the top side of the 
bucket. 




Assembled L. P. Ahead and Astern Parsons Turbine. 



CHAPTER Vni. 
THE PARSONS TURBINE. 

(Plates I, II, m, IV, and V.) 
General Description. This turbine is of the compound reaction type. It 
consists of a cylindrical casing with numerous rows of inwardly projecting 
blades. Within the casing, which is of variable internal diameter, is a rotor 
attached to a shaft. On this rotor are mounted rows of blades projecting 
outwardly, by means of which the rotor and shaft are rotated. The shaft is 
supported by suitable cylindrical bearings at both ends, outside of but attached 



FIGURE 62. •• — Movir\g 

Steam Flow Through 
Reaction Blading. 





to and forming a part of the casing. The blades attached to the casing are 
called fixed or guide blades; those attached to the rotor are called reTolving 
or moving blades. The diameter of the rotor is less than the internal diameter 
of the casing. Hence an annular space is left between the two. This space is 
occupied by the blades, and it is through the buckets formed by these blades 
that the steam flows. 
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Steam from the boiler is admitted by suitable hand operated valves to the 
admission or H. P. end of the easing directly to the first row of guide blades 
fixed to the casing. Steam admission is around the full periphery of the first 
row of guide blades. After passing through these blades it strikes the first row 
of rotor blades and changes its direction of flow. It discharges from the first 
row of rotor blades into the second row of guide blades which reverse the 
direction of flow. It discharges from the second row of guide blades against 
the second row of rotor blades and continues through the turbine, as shown 
in FIGURE 52, imtil finally it exhausts from the casing at a reduced pressure 
at the exhaust or L. P. end of the turbine. 

FORWARD 




AFT 

FIGURE 63. 

Wing Blading. 

The steam striking the rotor blades imparts a turning movement to the 
rotor and to the shaft, and after reacting and passing through the series of 
buckets of the H. P. turbine exhausts to the L. P. turbine. After expanding 
through the L. P. turbine, the steam finally exhausts at a pressure of from 
one to two poimds per square inch absolute into the condenser. 

To keep the rotor in a fixed fore and aft position relative to the casing, 
an adjusting block is used. It is outside the casing, and is secured to and 
forms a part of the casing. It is sometimes constructed for the additional 
purpose of taking up steam or propeller thrust. 

Where the shaft passes through the casing at both ends, shaft glands with 
labyrinth packing are provided to prevent steam leakage from the casing 
when the pressure inside the casing is greater than atmospheric pressure ; and 
to prevent air leakage to the casing thence to the condenser, if the pressure 
inside the casing is less than atmospheric pressure. 
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In the first Parsons turbines built, the ends of the drums were closed. 
This gave a high pressure against the end of the drum at the steam end and a 
low pressure against the end of the drum at the exhaust end. To eliminate 
this inequality of pressure which created a large thrust in one direction, to 
reduce this thrust, and to prevent high pressure steam from coming in contact 
with the shaft gland at the steam end of the casing, various methods were de- 
vised which space prohibits describing. Finally, the present method was de- 
veloped of fitting a cylinder at the steam end of the rotor and another cylinder 
outside of this but inside and attached to the steam end of the casing. These 
cylinders are called respectively the dummy piston (attached to the rotor) 
and the dummy cylinder (attached to the casing). (See FIGURE 64.) As 
the dummy piston revolves and the dummy cylinder is stationary, some means 
of packing had to be devised to prevent steam leakage from the steam chest 
through the space between the two that would give the minimum amoimt of 
friction. The present system of packing consists of rings attached to the 
dummy piston (rotating) and another set of rings attached to the dummy cyl- 
inder (stationary). Either one or both of these sets of rings have knife edges 
on them. (See FIGURES S6 and 67.) To prevent steam leakage, the clear- 
ance between the knife edges and the surfaces against which they project is 
made as small as from .015 to .030 of an inch to cause alternate wire drawing 
as the steam passes through the clearance and expansion as it emerges into the 
space between the two rings. The clearance is called the dummy clearance. 
Iq the axial type of packing (FIGURE S6), the position of the rotor has to be 
very carefully fixed to prevent the knife edges touching the rings on the 
dummy piston and wearing off completely. In the radial type of packing 
(FIGURE 67), the wear on the knife edges is effected by the vertical position 
of the rotor; when the bottom bearings wear, the rotor will move down and 
cause the rings on the dummy piston to touch as they pass the bottom of the 
dummy cylinder and the rings on the bottom of the dimimy cylinder to touch 
the dummy piston. At the same time the clearance on top will increase and 
cause increased steam leakage. 

Another fimction of the dummy piston is to provide thrust on the rotor 
when necessary for balancing the propeller thrust. This is accomplished by 
making the dummy piston of smaller diameter than the drum, as illustrated 
in FIGURE 64. The high pressure steam in the admission steam chest acts on 
the forward side of the annular area provided and the exhaust pressure acts 
on the other side. The extent of this annular area is governed in the design 
by the amoimt of thrust given to the rotor blades as the steam flows through 
the turbine from the forward end to the after end. If the steam thrust on tiie 
blades is not sufficient by itself to overcome propeller thrust, then a sufficient 
amount of additional thrust is provided by making the diameter of the dummy 
piston smaller than the diameter of the rotor drum. 
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Expansions. As the steam passes through the buckets, the pressure grad- 
ually falls and the voliune increases. Theoretically, the expansion is adia- 
batic, and the blade heights should gradually increase from the H. P. end to 
the L. P. end of the turbine. In practice, however, this is not carried out. 
As the increase in volmne is not rapid in the H. P. turbine, the blades are 
arranged in sets of equal height, each set being called an expansion. The 
clearance space, or the bucket volume between the blades, increases in propor- 
tion to the increase in blade height. The increase in height from one expan- 
sion to the next is not very great. When the L. P. turbine is reached, in 
addition to increasing the blade height, the diameter of the blade annulus is 
increased to take care of the increased volinne of steam. In the L. P. end of 
the L. P. turbine, to continue increasing blade heights would give an excessive 
height to blades; and to continue increasing blade annulus diameter would 
give a prohibitive diameter to the casing. The blades of the last three expan- 
sions of the L. P. turbine are, therefore, of the same height, and increased 
bucket volume is obtained by setting the blades of each successive expansion 
at a smaller angle to the axis of the turbine. These blades are called " wing 
blades.'' They are shown in FIGURE 53. 
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ARIZONA'S Turbines. The turbines of the ARIZONA are representa- 
tive of the construction of the Parsons type as installed in large units. The 
ship has four propeller shafts. The port installation is the same as the star- 
board. On the outboard shaft is a direct connected L. P. ahead and astern 
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FIGURE 109, 

Arizona. 



turbine contained in one casing. Geared to this shaft is a cruising turbine.* 
On the inboard shaft is a direct connected H. P. turbine; and aft of it on the 
same shaft is a H. P. astern turbine. These turbines are in separate casings 
(see FIGURE 109). 
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Starboard Turbines (Viewed from Ahead) with Reduction Gear — Wadsworth, 
H. P. Turbine. Reduction Gear. L. P, Ahead and Astern Turbine. 
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WADSWORTirS TuAino. The turbines o£ the WADSWORTH are rep- 
resentative of the construction of the Parsons type as installed in small units. 
There are two propeller shafts. The starboard and port installations are the 
same. Each propeller shaft has a large gear-wheel attached to it at its forward 
end. To this gear-wheel is geared a pinion on the H. P. turbine shaft, and a 
pinion on the L. P. and astern turbine shaft. The H. P. turbine is outboard, 
and the L. P. turbine is inboard (see FIGURE 113). 



Part I. 
H. P. TUBBINES. 

Plate I.— H. P. ahead turbine of the ARIZONA. 
Plate n.— H. P. ahead turbine of the WADSWORTR 

Rotor. The rotor of the H. P. turbine of the ARIZONA is of the built-up 
type. The parts consist of the drum attached to a wheel forward and a wheel 
aft The wheels are attached to the shaft forward and to the shaft aft The 




FIGURE 64. 

Kotor, Wheel, and Shaft Connection, L. P. End of 
H. P. Turbine — Arizona. 
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drum is strengthened in the middle by a strengthening ring attached to the 
dnmi on the inside. Attached t» the wheel at the H. P. end is the dummy 
piston. The drums are worked out of solid ingot, and are rolled to shape in 
large rolls. The drum is then rough turned and bored to fit the wheels. The 
wheels are shrimk on to the shafts and secured by set screws with ends riveted 
and caulked to prevent turning loose. The drum is then shrunk on the wheels 
and secured by screws to the rims of the wheels. FIGURE 54 shows the 
method of securing drum, wheel, and shaft at the L. P. end of the turbine. 

In large turbines the spokes of the wheel at the H. P. end are usually 
hollow. These hollow spaces are connected to the entrance steam chest and 




FIGURE 66. 

Rotor and Wheel Connection, H. P. End of 
H. P. Turbine— Wadaworth. 

to a hollow space in the shaft. This allows steam to flow inside the wheel 
spokes and inside the shaft for the purpose of obtaining imiform heating 
when warming up the turbine preliminary to starting. 

The rotor of the H. P. turbine of the WADSWC>RTH is of the built-up 
type, but owing to the smaller size of turbine it consists of only the drum and 
two wheels. Each wheel is foiled integral with the shaft. The drum is 
extended in length at the H. P. end to form the dummy piston. The method 
of securing the dnun to the wheels is shown in FIGURE 55 which represents 
the H. P. end of the rotor. 
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Dmnnty IMaton and Packing. On the dummy piston, collars are turned 
to form a part of the dummy packing. Surrounding the dummy piston is 
the dummy cylinder. In grooves cut for the purpose are secured composition 
rings to the dummy cylinder to form the other part of the dummy packing. 

H. P. diunmy packing is of the axial clearance or contact type, as shown in 
FIGURE 56 (see p. 74, folder). Steam leakage is almost wholly prevented 
from the H. P. steam chest to the inside of the rotor by making the clearance 
between the edges of the packing rings and the collars on the dummy piston 
very smalL The clearance in practice is from .015 to .030 of an inch. Steam 
that leaks through the clearance spaces is alternately wire drawn and expanded. 
In the ARIZONA'S H. P. turbine such leakage as takes place flows to the 
exhaust from the turbine via the inside of the drum. In the WADSWORTH'S 
H. P. turbine Uiere is a apace in the dummy cylinder from which a pipe is led 
to a L. P. expansion. At the end of the casing another pipe is connected and 
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FIGURE 57. 

Dummy Packing Rings Cut for Drainage. 

led to the anziliary exhaist. These spaces are called the dummy leak-offs, 
and are used to admit steam when warming up the turbines. 

At the bottom of the dummy cylinder, grooves are cat from the dummy 
strips flush with the internal surface of the cylinder, as shown at d in 
FIGURE 57. This is done to provide drainage to the bottom of the casing 
for water formed by steam condensation within the dummy packing. 

Cadngs. The casings are made of cast iron. The casing is divided into 
two parts with a joint along a horizontal plane through the center line of the 
turbine. Each part is flanged at this joint. In large turbines each half of the 
casing sometimes consists of three to four pieces bolted together at circum- 
ferential flanged joints. This is done to insure sound castings. 

The casing of the ARIZONA'S H. P. tiirbine is in two halves, top and 
bottom. The dummy cylinder at the H. P. end is a separate casting bolted 
to the easily. The bottom half of the bearing casings at each end are bolted 
to the lower half of the turbine casing. The bottom half of the turbine casing 
is secured by bolts to the framing of the ship, which forms the turbine 
bed-plate. 



FIGURE 68. 

Parsons Shaft Gland. 
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The castings forming the casing are strengthened by longitudinal and 
circumferential ribs on the outside of the casing. 

The casing is heavily lagged with heat insulation material to prevent 
heat radiation from the turbine. 

The H. P. turbine casing of the WADSWORTH is in two parts, top and 
bottom halves, secured together by a bolted flanged joint. 

Shaft Glands. Shaft glands are provided at the ends of the casing where 
the shafts pass through the casing. A tjrpical shaft gland is shown in 
FIGURE 58, with a detailed view of the packing in FIGURE 59 (see p. 74, 
folder). The gland consists of gland body C in halves, gland sleeve A in 
halves, ring case B in three parts, and vapor hood D in halves. 
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FIGURE 60. 

Shaft Gland Snap Ring. 



The gland body C holds the parts of the gland and is secured to the casing 
by means of a flange and bolts. The gland sleeve A has grooves cut on the 
inside surface into which the labyrinth packing rings are secured, as shown 
in FIGURE 59. Packing rings are also secured to grooves in the shaft and 
extend outwardly between the sleeve gland rings. The clearance in this case 
is radial. The ring case B holds the snap rings which expand against the 
inner surface of B. These snap rings are held between collars turned on 
the shaft. The vapor hood D collects the steam that leaks through the 
gland and discharges it through a pipe to the drainage system. The snap 
rings are in two parts, as shown in FIGURE 60. Between the packing rings 
and the snap rings is a space from which steam leakage may be taken to a 
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L. P. expansion or to the drainage system. Steam may be admitted to.th: 
space when warming up. Groove R is for the purpose of inserting a tempo, 
rary ring when the lower part of the gland sleeve is revolved and removed, 
to prevent fouling of the packing rings. The action of the labyrinth packing 
rings is the same as that of the diunmy packing. The edges of the packing 
rings are made sharp to prevent any heating or damage if the rings touch the 
shaft or the sleeve. The leak-off pipes may be used for the admission of steam 
when warming up or to seal the gland against air leakage from outside the 
casing. The glands are fitted with drain-pipes at the bottom to carry away 
water formed from steam condensation within the gland. 

Adjusting and Thrust Blocks. As the propeller thrust is usually balanced 
by pressure of the steam acting in the opposite direction to propeller thrust, 
thrust blocks are not called upon to receive the propeller thrust as usually 
imderstood in connection with ordinary marine practice. The block is chiefly 
required to take the thrust when the steam is turned on or off and to retain 
the rotor in a proper position fore and aft. The position of the thrust blocks 
is determined by the clearance required in the diunmy packing. 

The type of adjusting block used for both H. P. and L. P. Parsons turbines 
is shown in FIGURE 61 (see folder). These blocks are usually at the forward 
end of the turbine and just forward of the forward main bearing. The 
bearing body consists of a top and a bottom half. The bottom half is secured 
to the casing and bed-plate. The upper half is adjustable fore and aft. In 
the lower half is the ahead tiirust bushing to which are secured the ahead 

, thrust rings. In the upper half is the astern thrust bushing to which 

are secured the astern thrust rings. The thrust rings are made of com- 

i position and are set in grooves machined in the thrust bushings, the steel 

1 edges of each groove being caulked into serrations cut in the ring. The bottom 

thrust bushing is adjusted fore and aft by altering the width of distance rings. 
The top thrust bushing is adjusted by moving the bearing cap by means of 
adjusting bolts and nuts, as shown in FIGURE 62 (see folder). Additional 
adjustment fore and aft may be obtained by varying the width of the astern 
distance rings. 

After the rotor is placed for the desired dummy clearance, the astern 
and ahead thrust bushings are adjusted to leave from .004 to .015 of an inch 
clearance between thrust collars and thrust rings to allow for lubrication, as 
the thickness of the oil film is appreciable. 

As the turbine is designed so that the steam thrust practically balances 
propeller thrust, the wear due to thrust on the thrust rings is practically nil 
The turbine of the WADSWORTH is provided at the forward end wit> 
an adjusting block of similar design. The main bearings and adjusting bio 
are omitted in PLATE IL The thrust of the propeller is, however, on th 

I shaft to which is secured the main gear-wheel of the reduction gear. ..^ 

thrust block is therefore provided forward of the reduction gear box. It n^ 

, be of the usual marine type. In the case of the WADSWORTH, a Kingsbi 

f thrust is provided. 
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'•^ Kingsbury Thrust Bearing.^ The theory upon which this thrust bearing 
a designed and built is as follows : When two surfaces are rubbing together 
And are supplied with an abundant quantity of lubricating oil, the moving sur- 
face will by virtue of its speed carry in between the two surfaces a film of oil. 
This the moving surface does by reason of the adhesion of the oil to this sur- 
face. The oil is carried in between the surfaces at what is called the ** onside '' 
edge. (See A, FIGURE 63.) But as the oil rims out from between the two 
surfaces at the two sides and at the ** offside '' edge of the two surfaces, the 
film will be thicker at the ** onside '' edge than at the ** offside '* edge. If 
fiiere is a load applied to the two surfaces, pressing them together, and if the 
Borf aces are parallel, the load will be carried by the oil film at its thickest part. 
In order to distribute the load more equally, the stationary surface is pivoted 
it its rear support on a spherical bearing which allows the stationary surface 
b adjust itself to the wedge shape that the oil film takes when the other sur- 
fkce is moving. When the stationary surface takes a position of equilibriiun 
ind the two surfaces are completely separated by the oil film, the effect de- 
rived is of perfect lubrication. The oil film is then under pressure varying 
from zero at all the edges to a maximum at a point past the center towards the 
iirection of rotation. The maximiun pressure is about twice the mean load 
per square inch on the two surfaces, and the integrated pressure of the oil film 
b equal to the total load on the bearing. 

In order to allow the oil film to form a wedge between the thrust collar 
md the thrust blocks, the thrust block of the Kingsbury thrust bearing is di- 
vided into segments each mounted on a spherical bearing. (See B and C, 
RIGURE 63.) These segments are called shoes and are faced with white bear- 
ing metal. The shaft has but one thrust collar, the forward side of which 
likes the ahead thrust and the after side the astern thrust. When the thrust 
hearing is under a load with an abimdant supply of oil, the oil is carried in 
ietween the thrust collar and the shoes by the revolving thrust collar. As 
Be oil flows from the sides and end of each shoe, the shoe will cant slightly and 
IJ^ust itself readily to the position demanded by the load, and allow the oil 

take a wedge shape and totally separate the collar and shoe. This provides 

ctically perfect lubrication. Shop tests of this bearing have been made, 
iiich demonstrate that the thrust bearings will work satisfactorily under 

ds as high as 5910 poimds per square inch with a surface speed of 3240 

t per minute. 
Referring to B and C, FIGURE 63, the thrust collar is secured to the 
Aaf t by a key and nut. The nut is prevented from turning by a set screw. 
\fye shoes (faced with white metal) are contained in a base ring to prevent 
[??hi from revolving with the thrust collar. The base ring is also held so that 
^frcannot revolve. At the back of each shoe is a spherical bearing in contact 
mh a spherical bearing on the base ring. The base ring itself is shaped 
Ifferically to fit into the leveller washer which supports it. The spherical 
'-HTing thus formed between the base ring and leveller washer allows the base 
I to adjust itself to evenly distribute the load on the several shoes. In 
! .on, the leveller washer can be adjusted to change the position of the base 
I . ^ In order to bring all shoes up to the proper clearance with the thrust 
[ ollar when the shaft is at rest. The thrust collar and the shoes are all con- 

* Albert Kingsbury, engineer, Oliver Building, PittBburgh, Pa. 
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tained in an oil-tight casing which is connected to the lubrication system and 
which is kept about one-third full of oil in order to assure an abundance of oil 
to the rubbing surfaces at all times. The casing of the thrust bearing is se- 
cured to the bottom turbine casing when the thrust bearing is used on a tur- 
bine, or to the reduction gear bed-plate when the thrust bearing is used on the 
main reduction gear shaft as on the WADS WORTH. 

The Kingsbury thrust bearing is manufactured in several types. The 
types used for marine purposes are (1) the double thrust as shown in 
FIGURE 63; (2) the single thrust which takes thrust in only one direction; 
(3) a split thrust of either single or double type fitted where the thrust collar 
is not at the end of the shaft. This thrust bearing is placed in halves around 
the shaft at the thrust collar and is then bolted together. 

Cruuing Expansions. Some of the Parsons H. P. turbines of late design 
are fitted at the H. P. end of the H. P. turbine with additional expansions 
called cruising expansions. The fitting of these expansions conforms to the 
fact that for dower speeds, it is necessary to increase the expansions in a tur- 
bine. At the same time better efficiency is derived from shorter blades in 
these expansions as the smaller bucket volmnes are entirely filled with the 
smaller volmne of steam demanded for lower speeds. On the other hand, there 
is not only a limit to the shortness of blades for best efficiency, but the effi- 
ciency gained at low speeds by fitting cruising expansions is somewhat offset 
by the increased amount of friction losses due to the steam flowing over addi- 
tional surfaces at the lower speedjs. The purpose of these expansions is to ob- 
tain lower shaft power for low cruising speeds of the ship with as economical 
a performance of turbines as possible. When higher powers are demanded, 
only a certain volmne of steam at the highest pressure available will flow 
through the buckets of the first cruising expansion. The power derived de- 
pends upon the volume and hence the weight of steam at the highest pressure 
available flowing through the first expansion. When higher powers are de- 
manded steam is therefore admitted to an expansion further along in the H. P. 
turbine, the cruising expansions being by-passed and not used. The blades of 
this expansion further along in the turbine being longer, the volmne of steam 
at the pressure available that can flow through the buckets is greater and 
hence more power is derived. At the same time, the amoimt of surface over 
which the steam flows is decreased, friction is hence decreased, and efficiency 
is increased. The WADSWORTH'S H. P. turbine has four cruising expan- 
sions as shown in PLATE IL 

Auxiliary Exhaust In order to utilize the steam exhausting from auxil- 
iary machinery and thus increase the efficiency of the whole turbine plant, 
openings are made in the casing of the main turbines at suitable points for 
steam pipe connections from the auxiliary exhaust line. Thus in the ARI- 
ZONA'S H. P. turbine (PLATE I), there is an auxiliary exhaust steam admis- 
sion at the beginning of the third expansion; and in the ARIZONA'S L. P. 
turbine, steam from the auxiliary exhaust may be admitted to the L. P. tur- 
bine steam chest. Referring to TABLE A, PAGE 83, and assuming an auxil- 
iary exhaust steam pressure of 20 poimds absolute, auxiliary exhaust steam 
may be admitted to the third expansion of the H. P. turbine with speeds below 
about 14 knots. Above speeds of 14 knots, the steam valve on this line would 
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be closed and the auxiliary exhaust steam would be admitted to the steam 
chest of the L. P. turbine. 

In the WADSWORTH'S H. P. turbine, when the steam chest for low 
powers is used, the auxiliary exhaust steam is admitted to the opening at the 
beginning of the eighth expansion, marked " Aux. Exhaust," PLATE U. But 
when the high power steam chest is used, the pressure at the beginning of the 
eighth expansion is gi-eater than the auxiliary exhaust pressure and the auxil- 
iary exhaust valve to this expansion is closed, the steam from the auxiliary 
exhaust being utilized in the first expansion of the L. P. turbine. 



Part II. 

L. P. TURBINES. 

Plate III. — L. P. ahead and astern turbine of the ARIZONA. 

Plate IV.— L. P. ahead and astern turbine of the WADSWORTR 

Rotor. The L. P. ahead and astern rotor of the ARIZONA'S L. P. 

turbine is of the built-up type, consisting of the ahead drmn, the astern drum. 




Batb Iron Worki. 



Rotor of Parsons L. P. Ahead and Astern Turbine. 



the junction wheel, and a wheel at each end attached to the shaft. The dummy 
pistons are made of separate forgings and are attached to the wheels. There 
is a dummy piston at the admission or H. P. end of the ahead turbine, and 
one at the admission end of the astern turbine. Both ahead and astern rotors 
form one and are in the same casing. The astern blading is under the exhaust 
to the condenser, this space in length thus being utilized in this turbine. 
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FIGiniE 54. 

Eotor, Wheel, and Shaft Connection, L, P. End of 
H. P. Turbine — Arizona. 
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The method of connecting wheel, shaft, and dummy piston of the 
ARIZONA'S turbine is shown in FIGURE 64. The wheel is shrunk on the 
shaft and secured by screws. The drum is shrunk on the wheel and secured, 
as shown in FIGURES 54 and 55. The ahead drum and the astern drum are 
connected by a cast steel junction wheel, as shown in FIGURE 65. The junc- 
tion wheel has holes cut around its drcumference to allow steam to escape 
£rom the inside of the drum to the exhaust 




FIGURE 66. 

Botor and Wheel Connection, H. P. End of 
H. P. Turbine— Wadsworth. 



The dummy piston is made of smaller diameter than the dnnn to provide 
for balancing the propeller thrust by the action of the steam in the admission 
steam chest against the annular area thus provided (see FIGURE 64). This 
is true of both the ahead and the astern dummy piston. 

The wheels at each end have hollow spokes, connected with the admission 
steam chests, extending to hollow spaces in the shafts. These passages provide 
for steam entrance when warming up the turbines. 
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/a L P. Ahead Oram Connected Here 




FIGURE 66. 

Junction Wheel Connecting L. P. Ahead and Astern Drums — Arizona. 



FIGURE «4. 

H. P. End of L. P. 
Turbine — Arizona. 
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The h. P. ahead and astern rotor of the WADSWORTH'S L. P. turbine 
is built up as shown in PLATE IV. The ahead drum and the astern drum are 
formed from one forging. The wheels at either end are forged integral with 
the shaft. The drum is secured to the wheels, as shown in FIGURE 66. The 
dummy pistons are forged and machined as a part of the wheels. Where 
the wheels are solid in a turbine, as in this case and in the case of the 
WADSWORTH'S H. P. turbine, there is a steam leak-off from the space 



Riveted 




Center Line ^ 



FIGURE 66. 

Drum and Rotor. H. P. End of L. P. Turbine— Wadsworth. 



between the casing and the end of the drum. The steam that leaks through 
the dummy packing from the admission steam chest is then carried to an 
expansion containing steam at a lower pressure. The leakage from the 
WADSWORTH'S astern steam admission chest is led to the exhaust pipe 
through openings in the astern dummy cylinder. 

Dummy Piston and Packing. Referring to FIGURE 64* it will be seen 
that steam leakage from the admission steam chest to the inside of the rotor 
is prevented by dmnmy packing secured to the dummy piston and cylinder. 
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l^iis packing is shown in detail in FIGURE 67. It is of the radial clearance 
type with very small clearance between the edges of the packing rings and the 
piston and cylinder. Its action is the same as that of the dummy packing 
already described. 




Enlarged View of 
J Dummy Packing Rings 



Dummy Piston 



FIGURE 67. 

L. P. Dimamy Packing (Radial Clearance) — Arizona. 

Casing. L. P. casings may be built of from six to eight pieces, depending 
on the size of the turbine, to insure making sound castings. The L. P. turbine 
casing is divided into halves by a horizontal plane through the center line of 
the turbine. The joint is flanged and bolted. This construction allows of the 
top half of the casing being lifted for an examination of the inside of the 
turbine. Large steam and exhaiist ports are braced, as shown in PLATES 
Hi and IV. 
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The astern casing is under the exhaust opening of the turbine and is a 
separate casting. It is secured to the ahead casing by a bolted flange and joint. 
The forward end is supported by feet secured to the astern casing and resting 
on the inside of the ahead casing. These feet are free to move in a fore 




L. P. Ahead and Astei-n Turbine Casing — Parsons Turbine. 

and aft direction on the inside surface of the ahead casing, to allow free 
expansion of the astern casing when the turbine is heated. 

In large turbines, such as the ARIZONA'S, the dummy cylinders are 
separate castings secured to the casing by bolted flanged joints. In the 
WADSWORTH'S L. P. turbine, the dummy cylinders are a part of the same 
easting as forms the ahead turbine. 




Bitb Iron Wurk*. 

L. P. Ahead and Astern. Casing with Cover Removed — Pareons Turbine. 

Shaft Glands and Adjutting Blocks. Shaft glands and adjusting blocks 
are of the same general design as for the H. P. turbine. 

The main bearings and adjusting blocks of the WADSWORTH'S L. P. 
and astern turbine are not shown on PLATE IV. 
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Pabt III. 

GEARED CRUISING TURBINES. 

Plate v.— Cruising turbine of the ARIZONA. 

Tlie latest practice in the installations of war-ship turbines is tending 
toward the use of a geared ei"uising turbine on each one of two shafts on 
battleships, and on one shaft on torpedo-boat destroyers. This is a small 
turbine, as showTa on PLATE V. It runs at a high speed, giving economical 
results for the turbine performance. Through the reduction gear, it allows 




FIGURE 68. 

L. P. End of Cruising Turbine — Arizona. 

the propeller to run at low speeds demanded by low cruising speeds of the 
ship. This turbine witli its reduction gear is disconnected for high speeds 
by means of a clutch. It is of the same general type as the H. P. turbine 
of destroyers. FIGURE 68 shows the method of securing the dnun to the 
combined wheel and shaft. 

The cruising turbine has five expansions. At speeds above 12 knots, the 
first expansion is not used. At speeds above 15 knots, the fii"st, second, and 
tiiird expansions are not used. At speeds above 17 knots, the cruising turbine 
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with its reduction gear is disconnected from the propeller shaft by means 
of the clutch. 

The shaft gland at the H. P. end of the turbine has two leak-offs, from 
which steam leakage is led to a lower pressured expansion. The shaft gland 
at the L. P. end of the turbine has two leak-ofts, from which steam leakage 
is led to a lower pressured expansion. 

The estimated pressures for the expansions of the ARIZONA'S turbines 
for different speeds are given in TABLE A. The figures represent the pres- 
sures at the beginning of each expansion indicated for ahead and astern power. 

TABLE A. 

COMBINATIONS USED FOR VARIOUS SPEEDS AND ESTIMATED PRESSURES IN 

POUNDS ABSOLUTE. 



ASTERN TURBINES. ESTIMATED PRESSURES IN POUNDS ABSOLUTE. 



Full speed astern 



•{ 



H. P. astern turbine steam belt 135 lbs. 

L. P. astern turbine steam belt 21 lbs. 

Vacuum 27 inches. 





Speed in knots. . . 


21 
34,000 


10 
20,450 


17 
13J00 


15 
8,950 


12 
4,640 


10 
2,830 


r 


1st expansion .... 
Bv-Dass 


Cruising turbine 
disconnected. 


PMsd 


«. 


. • . . 
.... 
215 
148 
.... 
93 
61 


195 

.... 

116 

80 
.... 

54 

35.5 


132 


Cmising 
turbine. 


**/ vf^"^ .......... 

2d expansion .... 

3d expansion 

By-Dass 


75 
5£ 


to 


-**/ f»"w 

4th expansion. .. . 
5th expansion. .. . 


142 
93 


• • • • 

33 

21.7 




1st expansion... . 
2d expansion .... 


Po«Mid«. 

170 
112 


116 
76 


65 
43 


45 

30 


23 
15 


15.75 
10.5 


H. P. ahead 
turbine. 


Auxiliary exhaust connection to 3d expansion. 


3d expansion 

4th expansion... . 
5th expansion. .. . 
6th expansion. . . . 


77 
51 
35 
21 


53 
35 
24 
14 


29.5 
19.5 
13.5 
8 


20.5 
13.5 

• . . • 


10.5 
6.75 
4.75 
2.75 


7.25 
4.75 

.... 
.... 




Auxiliary exhaust connection to 1st expansion. 


■ 

L. P. ahead 
turbine. 


1st expansion.... 
2d expansion .... 

3d expansion 

4th expansion.... 
5th expansion... . 
6th expansion. .. . 


15.5 
10.75 

7.5 

5 

3.25 

2.25 


10.5 
7.3 
5 

3.5 
2.25 
.... 


6 

«... 

«... 
2 
.... 
• . . • 




4. 


25 


2. 


25 


1.5 


k 


Exhaust r 
pressure . . \ 


lib. 
28" vac. 


.76 lb. 
28.5" vac. 


.50 lb. 
29 ' vac. 


.60 1b. 
29" vac. 


.60 lb. 
29" vac. 


.60 lb. 
29" vac. 



Part IV. 
GENERAL DETAILS. 

Blading. The blading for the Parsons turbine is of composition manu- 
factured in shapes of various standard cross-sections in lengths of from five 
to six feet. The blades are cut to the proper lengths in a machine which shears 
them off and at the same time stamps a double or treble groove at one end* 

Since the blades are of various lengths for the different expansions, the 
rotor is left parallel and the casing is stepped to different diameters to suit. 
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For blades of 5^ inches and less in length, a groove is cut on the entrance edge 
at the end opposite to the caulking groove, into which is secured the binding 
strip. The blades are then thinned at the tips, as shown in FIGURE 70, by 
a special machine. This is done to prevent damage in case the blade tips 
touch when the turbine is in operation. If the blade tips toudi the rotor or 
casing while the turbine is in operation, the thinned ends of the blades vrill 
be bent over and stripping of the blades will be prevented. 

The blades are secured in grooves machined in the casing and in the rotor 
with small caulking grooves, as shown in FIGURE 69. To give the blades the 
proper distance apart in the circmnf erential direction and to give the blades 




FIGURE 69. 

Blade Grooves. 

the designed exit angle, small packing pieces of annealed brass are fitted 
between each pair of blades. When the blades are put in place these packing 
pieces are caulked to fill the caulking grooves in the rotor or casing, 
FIGURE 69, and to fill the caulking grooves at the root of the blades, as shown 
in FIGURE 70. 

The usual practice is to assemble and secure the blading by what is known 
as the Parsons " segment system." The blades and packing pieces are strung 
on a small brass wire run through holes in the root of the bladmg, as shown 
in FIGURE 71. The segment of blading is assembled in a former consisting 
of two cast-iron plates which are bolted together, and have a groove turned 
in them equivalent in size and radius to the groove in the rotor or in the casing. 
A packing piece is taken, and, through a hole drilled through it, a piece of 
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brass wire of required length is passed. The end of the wire is riveted. The 
packing piece is then secured in the groove of the former, and blades and 
packing pieces are alternately strung on the wire. The blades and packing 
pieces are driven dose together and care taken to have them resting on the 
bottom of the groove. A segment starts with a packing piece and ends with a 
blade. The blades are now trued up and spaced. After this, the binding strips 
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FIGURE 70. 
Parsons Blading. 

are fitted into the grooves at the top of the blades. The outer binding strips 
are laced with copper wire, as shown in FIGURE 70. The wire and binding 
strips are now soldered with silver solder. The inner binding strip, which 
is fitted only to blades over 5J inches in length, is not laced but is secured by 
braziiig. After the segment is completed, the brass stringing wire is cut and 
riveted over the hole in the last blade. The segments are removed to the 
turbine and placed and secured in their proper grooves. 
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When a groove of the rotor or casing is filled with its proper number of 
segments, two or three packing pieces in each segment are slightly caulked 
so as to prevent the segments from rising or falling out. The packing pieces 
are now caulked sufficiently to insure securing the blades in place. Alternate 
segments are first caulked. If the caulking is carried right around, the last 
segment to be caulked will rise out of its place. 

After the rotor is completely bladed, it is placed in a lathe and the blade 
rows are straightened so that all the blades of eadi row are square with the 
rotor and revolve in the same plane. A very light cut is taken from the blade 
tips to bring the blade rows to the proper diameter. This operation is impor- 
tant as the tip clearance depends upon it. 
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FIGURE 71. 

Segment Former for Parsons Blading. 

The blading of the casing is secured in the same manner, having regard 
for the fact that roots of blades fasten in a groove in the former that is concave 
instead of convex as for the rotor. 

Main Bearings. A bearing is placed at each end of the turbine to guide 
and support the rotor. It is of the usual marine type designed for forced 
lubrication. The bearings are in halves, made of composition lined with white 
metal. The lower half may be removed by lifting and removing the bearing 
cap and top bearing and revolving the lower bearing aroxmd the shaft. 

Steam Connectioiu. The usual, steam connections to the rotor casii^ 
may be tabulated as follows: 

1, Steam inlet at the forward end. In the H. P. turbine this is direct 
from the boilers. In the L, P. turbine, it is from the H. P. turbi^ie 
exhaust. 

2. Steam inlet at forward end of the H. P. turbine. This is from 
the exhaust of the geared cruising turbine. 
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3. Exhaust at the after end. In the geared cruising turbine this 
leads to the forward end of the H. P. turbine. In the H. P. turbine it 
leads to the inlet at the forward end of the L. P. turbine. In the L. P. 
turbine it leads from the turbine to the main condenser and is of consider- 
able size to accommodate the large voliune of the exhaust steam at very 
low-pressure. 

4. Steam inlet at forward end of L. P. turbine of certain destroyer 
installations. This supplies H. P. steam direct to the ahead L. P. turbine 
when maneuvering. 

5. By-pass pipe on H. P. turbine from cruising steam inlet to full 
power steam inlet. This by-passes steam around the cruising expansions 
for full power, when warming up, or when starting to prevent blade 
damage by excessive vibration in the H. P. turbine. 

6. Relief valves are fitted on steam chests to relieve excessive steam 
pressures. 

7. Gland steam connections. Steam connections to leak-offs of shaft 
glands for warming up, and, for the L. P. turbine, to form a steam seal 
against air leakage into the turbine. 

8. Dummy leak-off connection. This carries steam from the dmnmy 
leak-off of ahead turbines to the third and fourth expansions. 

9. Connections for pressure gages. A connection may be made at the 
beginning of each expansion for a pressure gage. 

10. Connections for the admission of auxiliary exhaust steam to utilize 
this steam for propulsive purposes at available points where the pressure 
at the beginning of an expansion is less than the pressure of the auxiliary 
exhaust line. The munber and location of these connections will vary 
with the type and size of the turbine. 

Drains. The drains from turbine casings to remove water when warming 
up, when stopped temporarily, and when running, are fitted as follows : 

1. Drain from dummy cylinder to after end of turbine casing. This 
allows any water to drain from the higher forward positions of the casing 
to the after lower positions. These drains are used only when warming 
up or when stopped temporarily. 

2. From L. P. casing to wet air-pump suction. These drains from 
the after end of the L. P. casing are fitted with a light non-return valve, 
and a U-bend to act as a water seal. This carries away water from the 
L. P. turbine casing while running and when warming up. 

3. From the H. P. casing to the L. P. drain-pipe. These drains from 
the after end of the H. P. casing to the L. P. drain-pipe are fitted to drain 
water from the H. P. casing when running and when warming up. If 
the exhaust pipe from the H. P. to the L. P. turbine is low down, water 
will easily flow through it to the L. P. drains. 

All casing drains can be opened to the bilge when required. The valves 
on drains from the H. P. exhaust pipe to the L. P. casing are just cracked 
when running so that they will be water sealed, or are shut altogether. 

Balancing Rotors. Two balances are required to insure a steady running 
rotor. These are the static balance and the dynamic balance. 
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The static balance is obtained by revolving the rotor on a 
edges or balancing stools which consist of two supports of cas 
on top a truly machined face of hard-grained cast iron. The stoo 
up longitudinally and levelled to each other, after which the ro 
them. The bearing parts of the shaft, or the journals, rest on th 
rotor is revolved and allowed to come to rest. The point at the 1 
the heaviest. Weights are added and the experiments contin 
rotor will stand at rest in any position. 

The rotor is balanced dynamically by one of two methods : 
revolved by steam acting as imder working conditions, and tested 
by fixed indicating pointers or pencils; (2) by some arrangemeni 
rotor is rotated by some external power through the rotor shaf 
a pointer indicates the vibrations on a piece of diagram paper 
less waving line. 

The latter method is the more accurate, as the rotating force 
center outwards and tends to magnify any lack of balance or 
weight which the rotor may possess. At the same time, few rotor 
in a state of perfect balance, as no really scientific and accura 
dynamic balance has been devised for turbines. 

The rotor should be revolved to at least 20 per cent above 
revolutions. Should the balance be imperfect, it will show by vil 
set up, and if the balance is very bad, it may result in damaginj 
When the rotor is at its worst point of vibration, marks should 
shaft simultaneously at the after and forward ends. The re 
marks to each other is noted by stopping the turbine. Weij 
shifted longitudinally as determined by experience. The stat 
maintained but the dynamic balance is improved by continued i 
by shifting weights longitudinally. 

The various parts which go to make up the complete rotor, i 
wheels, shafts, junction wheels, are each carefully balanced befoi 
then the whole* is again balanced on knife edges, after which an 

dynamic balance test is run. 

Weights may be added to or cut away from the rotor to obta 
balance. In the latter case, eight balance stubs are fitted to th 
cut off as required to lighten the heavy side of the rotor, in pL 
weights to the lighter side. 
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Curtis Main Turbine — Tucker. 



CHAPTER IX. 
ITIE CURTIS TURBINE. 

(Plates VI, VII, VIII, and IX.) 

General Detcriptioii. This turbine is of the impulse type and embraces 
the principles of pressure staging and velocity compounding. The H. P. 
stages are usually velocity compounded; that is, the velocity acquired by the 




FIGURE 72. 

Steam Flow Through Impulse Nozzles and Blades. 

steam in the nozzles in each pressure stage is absorbed by several rows of 
moving blades. The L. P. stages are simple pressure stages; that is, each 
stage consists of a row of nozzles and one row of moving blades. 

The action of the steam in the five pressure stages of an impulse turbine 
is shown in FIGURE 72. The first, second, and third pressure stages are each 
velocity compounded twice, the succeeding two pressure stages are simple 
pressure stages. 

The steam is expanded in the nozzles of each pressure stage with increasing 
velocity and is discharged against the moving blades which change its direction 
of flow. It is then guided through stationary blades to its original direction 
and from them is discharged against the second row of moving blades. The 
process continues throughout each velocity compounded pressure stage. The 
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steam gains velocity in the nozzles, loses velocity in the moving blades, and 
has constant velocity in the guide blades. To insure constant velocity in the 
buckets of the guide blades, to allow for a slight increase of volume due to 
expansion which is provided to make up the loss of velocity due to frictional 
resistance, to allow for an increase in volume due to the reheating effect of the 
frictional resistance, the height of the blades in a velocity compounded pres- 
sure stage is gradually increased. 

In the simple pressure stage, the steam expands in the nozzles acquiring 
velocity due to this expansion. It then discharges against the single row of 
moving blades. From them, the steam discharges into the space between the 
moving blades and the next row of nozzles. 

The pressure at all points in any one pressure stage after the steam leaves 
the nozzles is practically equal. To insure equality of pressure, holes are cut 
in the wheels. 

The impulse turbine is made up of a rotor consisting of a shaft to which 
are attached wheels for each pressure stage that is velocity compounded. The 
moving blades which, through the impulse of the steam upon them, impart 
motion to the rotor are secured to the rim of the wheels and project outwardly. 
The moving blades of the L. P. stages are secured to drums and project out- 
wardly. The nozzles of the pressure stages that are velocity compounded are 
secured to diaphragms which are stationary. The guide blades of the velocity 
compounded pressure stages and the nozzles of the L. P. stages are secured to 
the inside of the casing and project inwardly between the rows of moving 
blades. The buckets of the guide blades, which are in the wake of drum 
blading, form the nozzles of the several simple pressure stages found at the 
L. P. end of the turbine. There is a space between the rim of the rotor wheels 
or rotor drum and the inside of the casing. This space is occupied by the 
blading. It is through this blading and the stationary nozzles that the steam 
flows. 

Curtis turbines built in large units are usually in two separate casings 
and form what are called the H. P. turbine and the L. P. ahead and astern 
turbine. Small units are contained in one casing with combined ahead and 
astern turbines in the same casing. 

The shaft is supported by bearings outside of and forming a part of the 
casing. There is a bearing at each end of each turbine. In order to keep 
the rotor in a fixed fore and aft position relative to the casing, an adjusting 
block is used. It is outside the casing and is secured to and forms a part of 
the casing. The usual position for the adjusting block is forward of the 
forward main bearing. As propeller thrust is more than counterbalanced by 
steam thrust on the L. P. drum of the turbine, the adjusting block takes a 
very small amount of thrust and is, therefore, of small size and capacity. 

To prevent steam leakage from the first pressure stage where the shaft 
passes through the casing, a shaft gland packed with carbon rings is secured. 
At the L. P. end of the turbine, the shaft gland prevents air leakage into the 
last pressure stage and thence to the condenser. 

As the pressure is lower in each succeeding stage from the H. P. end of 
the turbine, a bushing with packing is provided on the inner rim of each 
diaphragm where the shaft passes through the diaphragm to prevent steam 



THE CURTIS TURBINE. 



91 



leakage from one pressure stage to the next succeeding pressure stage. Dia- 
phragms are provided to separate one pressure stage from the next adjacent 
pressure stage where dnma construction is not used. 

The nozzles of all velocity compounded pressure stages but the last do 
not cover the full circiunference of the diaphragm. This is done in order 
that the blade heights of the first few pressure stages will not be too small. 
From and including the last velocity compounded pressure stage, the admission 
of steam to each stage is around the whole periphery. To accommodate the 
increasing voliune of steam as the steam flows to the exhaust, the blade heights 
are increased and nozzle cross-sectional areas are increased. Speed control 
is effected by the closing and opening of nozzles by suitable hand controlled 
valves in the first pressure stage. 
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FIGURE 119. 

Tucker. 



TUCKER'S Turbines. The turbines of the TUCKER are representative of 
the Curtis turbine as built in small units for marine propulsion. There are 
two propeller shafts. The starboard and port installations are the same. 
Direct connected to the propeller shaft is the main ahead and astern turbine. 
The ahead and astern turbines are in the same casing. Connected to the 
propeller shaft forward of the main turbine is a cruising turbine. The con- 
nection between the cruising turbine and the propeller shaft is made through a 
reduction gear and a clutch. The TUCKER'S cruising turbine is representa- 
tive of the type (see FIGURE 119). 

NEVADA'S Turbines. The turbines of the NEVADA are representative of 
the Curtis turbine as built in large imits for marine propulsion. The installa- 
tion in general arrangement is the same as for the TUCKER. Instead of one 
main turbine, however, the main turbine is made up of two imits, both direct 
connected to the shaft. The H. P. ahead turbine is in the forward engine- 
room and the L. P. ahead and astern turbine, which are both in the same 
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casing, is in the after engine-room. A cruising turbine is connected to each 
shaft at its forward end through a double reduction gear and a clutch (see 
FIGURE 110). 
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CRUISING TURBINE. 

Plate VI.— Cruising turbine of the TUCKER. 

Rotor. This turbine is pressure staged five times. The first three pres- 
sure stages are each velocity compounded twice. The last two pressure stages 
each have one row of moving blades. The rotor consists of a shaft turned 
to receive the velocity wheels from each end. The greatest diameter of the 
shaft is xmder the second diaphragm. The wheels are shrunk on the shaft 
and secured by keys. To provide proper spacing of wheels in the axial direc- 
tion, steel distance rings are accurately machined and shrunk on the shaft 
between the hubs of the wheels. The wheels and distance rings are finally 
secured at either end by nuts set up against the last shoulder on the shaft and 



THE CURTIS TURBINE. 



■ BiTM BhlpbnlldlDB Corp. 

Curtis Cruising Turbine with Reduction Gear — Tucker. 
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Rotor of Cruising Turbine — Tucker. 
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against the hub of the last wheel on the shaft. The nuts are secured from 
turning by set screws. The wheels are made of forged steel, each wheel in 
one piece, as shown in FIGURE 73. The rim of the wheel is grooved to receive 
the moving blades. The blades are uniformly continuous around the wheel 
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Rotor in Place in Lower Half of Cruising Turbine 
Casing — Tucker. 
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Lower Half of Cruising Turbine Casing — Tucker. 

rim. Holes are usually drilled in the wheel disc to insure equality of pressure 
on both sides of the wheel. 

Bearingt and Adjuitmg Block. The shaft is supported at either end by 
bearings outside of but secured to and forming a part of the casing. These 
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FIGURE 73. 

"Wheel fop a Velocity Compounded Stage. 
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FIGURE 74. 
Diaphragm — Small Turbine, 
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bearings are of the usual marine type, water cooled. At the forward end of 
the turbine is a small adjusting block to retain the rotor in its proper position 
fore and aft in relation to the casing. The bearings and adjusting block are 
omitted in PLATE VI. 

Casing. The casing i3 made of cast steel and may be in from two to four 
pieces. The casing is split fore and aft by a longitudinal plane through the 
axis. The upper and lower halves are secured together by means of a flanged 
joint The casing is grooved on the inner surface where necessary to receive 
the guide blades for each velocity compoxmded pressure stage. 

Diaphragms. Between each two pressure stages is a diaphragm, 
FIGURE 74. This is necessary to prevent steam leakage from one pressure 
stage to the next succeeding one, because of the decrease in pressure as the 
steam approaches the exhaust end of the turbine. In the cruising turbine the 
diaphragms are in one piece, being placed on the shaft between wheels when 
the rotor is assembled. The shaft is free to revolve in the central hole of the 
diaphragm. The outer edge of the diaphragm fits into a groove cut in the 
inner surface of the casing. When the two halves of the casing are bolted 
together, the joints formed by the casing and the outer edges of the diaphragms 
are steam tight. The diaphragms are stationary. The nozzles for each pres- 
sure stage after the first are machined in the outer rim of the diaphragm. To 
prevent steam leakage around the shaft from one pressure stage to the next, 
each diaphragm is fitted at its central hole, where the shaft passes through, 
with a composition bushing with seVeral knife-edge projections against the 
shaft. The clearance between the knife edges and the shaft is very smalL 
This bushing is in effect a small labyrinth packing gland, and is held in place 
by a forged steel ring bolted to the di^qphragm. 

Nozzles. The nozzles for pressure stages after the first are machined in 
the rim of the diaphragm. The nozzles for the first pressure stage extend only 
partially around the periphery. They are machined in a segment of a ring 
which is bolted in place on the inner face of the steam chest. The number of 
nozzles in the several stages is as follows : 

stage. No. of Nozzlet Throat Area» Sq. Ina. 

1 8 1.576 

2 16 2.633 

3 40 6.804 

4 72 18.241 

5 72 22.291 

Increasing Volumes of Steam. As the steam passes through each suc- 
cessive set of nozzles it is expanded to increase its velocity. Consequently, it 
is reduced in pressure by steps from one pressure stage to the next with 
increasing volume. To provide for the increasing volume of steam, the nozzles 
cover a larger arc of the periphery and the height of nozzles and blades is 
increased. At the last pressure stage, the steam admission is through nozzles 
extending around the whole periphery of the diaphragm. The height of the 
nozzles of the first three stages is one-half inch ; of the last two stages, three- 
quarters of an inch. 

Shaft Glands. To prevent steam leakage to the atmosphere around the 
shaft at the forward end of the turbine where the shaft passes through the cas- 
ing and to prevent air leakage into the last pressure stage, shaft glands are 



THE CURTIS TURBINE. 



97 



fitted to the casing around the shaft. The shaft glands are provided with carbon 
packing rings, as sho^\Ti in FIGURE 75. Each gland has several sets of carbon 
packing, each set contained in a holder. The carbon rings are cut in segments 
and are held in place against the shaft by means of spiral springs around the 
outer edge. In addition to the carbon rings, a bushing is used in this turbine. 
Such steam as leaks through the bushing is led by means of a small pipe to a 
pressure stage of less pressure. The shaft gland at the L. P. end of the 
turbine is provided with a steam connection through which L. P. steam may 
be admitted to an annular space between carbon rings to foim a steam seal 
for the prevention of air leakage to the last pressure stage. 
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FIGURE 76. 

Shaft Gland, Cruising Turbine. 



Part II. 
CURTIS TURBINE OF SMALL SIZE. 
Plate VII.— Main turbine of the TUCKER. 

General Description. The ahead and astern turbines are contained in 
one easing. The turbine shaft is direct connected to the propeller shaft. 

The ahead turbine consists of 42 pressure stages. The first three pressure 
stages are velocity compounded. The first pressure stage is velocity com- 
pounded four times; the second and third pressure stages are each velocity 
compounded three times. The wheel of the third pressure stage forms a part 
of the first ahead drum to which are secured the moving blades of the third 
to the ninth pressure stages inclusive. The auxiliary exhaiist enters the casing 
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after the ninth pressure stage. The 10th to the 42d pressure stages are mounted 
on the second ahead drum. The 4th to the 42d stages are simple pressure 
stages. The steam flows from forward to aft, and after leaving the 42d 
ahead pressure stage exhausts to the condenser. 




Rotor in Place m Lower Half of Main Turbine — Tucker. 

The astern turbine consists of nine pressure stages, the first of which is 
velocity compounded four times. The last eight pressure stages are simple 
pressure stages with moving blades secured to a drum. The steam flows 
through the astern turbine from aft to forward, and after leaving the ninth 
pressure stage exhausts to the condenser. 
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Rotor of Main Turbine — Tucker. 

Rotor. The rotor of this turbine is built up of velocity wheels and drums 
shrunk on a shaft and secured thereto by means of keys and nuts at either end. 
The ahead rotor consists of two velocity wheels and two driuns. The astern 
turbine consists of one velocity wheel and one drum. , The third ahead pressure 
stage is built as a part of the first ahead drum. The space between the 
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two aliead drums is to receive steam from the auxiliary exhaust. The velocity 
wheels are built up, as shown in FIGURE 76. Each wheel consists of a hub. 



Center Line-J 
FIGURE 76. 
Built-up Wheel for Velocity Compoxmded 

two discs, and a rim. The rim is grooved to receive the moving blades. The 
first ahead drum and the astern drum are built up in a similar manner, with 
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hub, rim, and connecting discs. The second ahead drum Ib built up. I 
consists of several rings with inner projecting flanges riveted together to fon 
the rim of the rotor. This rim is secured at each end to wheels. The wheel a 




Center Line^-^ 
FIGURE 78. 

After End of L. P. Ahead Rotor 



-Tucker. 



the forward end is shown in FIGURE 77. It is closed to steam passage h] 
:means of a disc riveted to the rim and the hub of the wheel. The after wheel i 
«hown in FIGURE 78. It is made in one piece with large holes bored in th< 
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disc. Referring to PLATE VII, it will be noted that steam of the pressure of 
the auxiliary exhaust acts on the forward side of the disc at the forward end 
of the second ahead drum, while on the after side of this disc the pressure 
is practically the same as that in the condenser. There is, therefore, a steam 
thrust acting on the forward side of this disc. This steam thrust is used to 
OA^ercome propeller thrust. 

Velocity Compounding. A cross-section through the blading of the first 
pressure stage is shown in FIGURE 79. This pressure stage is velocity com- 
poimded four times; that is, it has four rows of moving blades to absorb the 
velocity developed by the steam in expanding through the first set of nozzles. 
The nozzles are formed of a segment of a ring which is bolted to the steam 
chest. The guide blades are secured in the grooves formed in a segment of 
a ring bolted to the inner side of the casing. Steam admission is, therefore, 
aroimd only a part of the periphery of the first pressure stage. This is done 
in order that the blade heights will not be too small. 

The fii*st and second pressure stages are separated by means of a dia- 
phragm, as shown in FIGURE 80. The second pressure stage is velocity com- 
pounded three times ; that is, it has three rows of moving blades to absorb the 
velocity developed by the steam in expanding through the second set of nozzles. 
The nozzles are formed of a segment of a ring which is bolted to the first dia- 
phragm. This segment occupies a larger arc of the periphery than does that 
forming the first set of nozzles, because of the increased volume of steam 
produced by expansion through the first set of nozzles. The guide blades are 
secured in grooves formed on the inner surface of the upper half of the casing. 

The steam flows from the second to the third pressure stage through 
nozzles which are secured to an inwardly projecting flange forming a part of 
the first section of the casing, as shown in FIGURE 81. This stage is velocity 
compounded three times. The three rows of moving blades are secured in 
grooves cut in the forward part of the first ahead drum. To prevent steam 
leakage past the forward edge of the drum, a few rings of labyrinth packing 
are used. Such steam as leaks through this labyrinth packing is utilized in 
the first pressure stage of the second ahead drum (see PLATE VII). The 
guide blades of this pressure stage are secured in grooves formed on the inner 
surface of the upper half of the casing. 

Simple Pressure Stages. The first three pressure stages are velocity 
compoimded and are followed by pressure stages to the turbine exhaust, each 
of which consists of one row of guide blades and one row of moving blades. 
The guide blades in these pressure stages form buckets which act as nozzles. 
Beginning with the fourth pressure stage, steam admission is around the whole 
periphery. Hence, to allow for the increasing volumes of steam, the blade 
heights are increased towards the exhaust end of the ahead turbine. Steam 
leakage will take place over the tips of the guide blades from one pressure 
stage to the next, where the drum construction is followed. This is partially 
prevented, however, by the extending rims on the strips secured to the blade 
tips. The number of nozzles in the first stage is 20; in the second stage, 64; 
in the third stage, 106. The throat area in square inches in the first three sets 
of nozzles is respectively 11.42, 22.68, and 37.40. 



102 



STEAM TURBINES. 



Diaphragms. The diaphragms between the first and second, and th 
second and third pressure stages are similar in construction to the diaphragm 
of the cruising turbine. The bushings to prevent steam leakage around thi 
shaft from one pressure stage to the next are secured by means of set screw 
in grooves around the inner side of the diaphragm hubs. 

Casing. The casing is divided into halves by a horizontal plane througl 
the axis. The two halves are connected by a flanged joint so that the top oi 
the casing may be lifted for an examination of the interior of the turbine 
Each half of the casing is built up of eight castings, in order to insure sount 
metal. When assembled, the casing contains both the ahead and the asten 
turbines. 




B RIvor ShU.bulMlne C-rp. 

Lower Half of Casing of Main Turbine — Tucker. 



Astern Turbine. The astern turbine consists of nine pressure stages 
The first pressure stage is velocity compoimded four times. That part of thi 
casing to which are secured the guide blades for the last eight pressure stagei 
is secured to the ahead casing by means of a flange inside the turbine casing 
under the exhaust to the condenser. 

Shaft Glands. The shaft glands are similar in design and eonstructioi 
to those of the cruising turbine. The leakage of steam past the bushing of thi 
forward stuffing box is led to the same space to which the auxiliary exhaus 
is connected, and is utilized in the first pressure stage on the second aheat 
drum, or in the 10th pressure stage of the turbine. 
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Part III. 

CURTIS TURBINE OF LARGE SIZE. 

Plate VIII.— The H. P. ahead turbine of the NEVADA. 

Plate IX. — The L. P. ahead and astern turbine of the NEVADA. 

H. P. Turbine. Both the H. P. and the L. P. turbines are direct con- 
nected to the propeller shaft. The H. P. turbine consists of five velocity 
compounded pressure stages and 25 simple pressure stages. The first pressure 
stage is velocity compounded four times. The succeeding four pressm'e stages 
are each velocity compoimded twice. The moving blades of the 6th to the 14th 
pressure stages are secui'ed to a driun. The fifth pressure stage wheel is 
secured to and forms a part of this drum. The moving blades of the 15th 
to the 30th pressure stages are on a second drum. The steam exhausting from 
the 14th stage flows through a pipe, connected to this stage at the under side 
of the casing, to the after end of the casing. The steam flow in the fii'st 14 
pressure stages is from forward to aft ; the steam flow in the 15th to the 30th 
pressure stages is from aft to forward. The steam thrust obtained on the 
forward end of the first drum is thus partially balanced by the steam thrust 
on the after end of the second drum. 

L. P. Turbine. The L. P. ahead turbine and astern turbine are contained 
in one casing. The L. P. ahead turbine consists of 38 simple pressure stages. 
The moving blades of these stages are secured to a drum. The steam flow is 
from forward to aft. The increasing volumes of steam due to expansion are 
allowed for by increasing the blade heights from the H. P. end to the exhaust 
end of the turbine and by increasing the bucket volume by decreasing the 
blade angle relative to the turbine axis. After exhausting from the last ahead 
pressure stage, the steam flows to the condenser through the main exhaust 
pipe. 

Astern Turbine. The astern turbine consists of two velocity compounded 
pressure stages and eight simple pressure stages. The first pressure stage 
is velocity compounded four times. The second pressure stage is velocity 
compoimded three times. The second stage wheel is a part of the astern drum^ 
Steam flows through the astern turbine from aft to forward, and after leaving 
the last astern pressure stage exhausts to the condenser. 

Cruising Turbine. Each cruising turbine is a three pressure stage 
turbine. The first stage is velocity compounded twice, and the second and 
third stages are simple pressure stages each with one row of moving blades. 

The casings of the cruising turbines are of cast steel. Each casing is 
divided into two parts on the horizontal center line. 

Nozzles for the first stage are of composition, and are secured on the 
inside of the upper section of the casing head. There are 15 nozzles for the 
first stage. Nozzles for the second stage are of composition with monel metal 
division plates, and are carried by the diaphragm. There are 48 nozzles for 
the second stage. Nozzles for the third stage are cast in the diaphragm and 
have nickel steel division plates. There are 48 nozzles for the third stage. 

Rotors. The H. P. rotor consists of a shaft on which are secured four 
velocity compoimded pressure wheels and two driuns. These are held in place 
by nuts screwed on the shaft at either end and prevented from turning by 
set screws. 
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The L. P. rotor consists of a shaft with one drum for the ahead moving 
blades. The drum, FIGURE 82, is built up of rings with inside flanges riveted 
together. The rings when assembled form the rim of the rotor. The drum 
is secured to a wheel at each end. Each wheel consists of a hub with several 
outwardly projecting brackets. A disc connects the hub of each wheel to the 
drum. 

The astern turbine has one velocity compoimded pressure wheel and a 
drum secured to the same shaft as the L. P. ahead turbine. The drum is built 
up of rings with inside flanges riveted together to form the rim of the rotor. 
The drum is connected to a wheel hub secured to the shaft by means of a disc 
at each end of the drum. 

The wheels of the compounded pressure stages are of the built-up type, 
as shown in FIGURE 83. 

Diaphragms. Separating the velocity compounded pressure stages are 
diaphragms built up, as shown in FIGURE 84. The diaphragm consists of 
a hub and a rim to both of which is riveted a dished disc. Nozzles are secured 
to flanges projecting inwardly from the turbine casing. The diaphragms, 
therefore, extend from these flanges with which they make steam-tight joints 
to the shaft. Where the shaft passes through the diaphragm, a composition 
bushing with inwardly projecting knife edges is secured. This bushing is in 
effect a labyrinth packing gland which prevents leakage of steam from one 
pressure stage to the next. 

Casings. The casings are of several pieces made of cast iron. They are 
strengthened by outside longitudinal and circmnferential ribs and are split 
in two parts by a horizontal plane through the turbine axis. The two parts 
thus formed are connected by a bolted flanged joint. The upper half may be 
lifted for an examination of the interior of the turbine. 

The part of the casing to which are secured the guide blades of the last 
eight pressure stages of the astern turbine is secured to an inwardly projecting 
flange near the after end of the L. P. ahead casing. The astern casing projects 
forward under the exhaust to the condenser. 

Shaft Glands. Where the shaft passes through the casing at either end, 
a carbon gland is secured to the casing to prevent steam leakage from the 
turbine or air leakage into the turbine, depending on the pressure existing 
inside the turbine. The type of shaft gland used is shown in FIGURE 85. 
The carbon rings are split in segments. There are two carbon rings held in 
place by each set of holders. Each set of holders consists of a number of 
built-up segments, as shown in detail in FIGURE 85. Each segment holder 
has riveted to its outer surface a flat spring which holds the carbon against 
the shaft, and has riveted to its side surface a flat spring which keeps the 
holder and carbon in its proper fore and aft position. 

The gland at the H. P. end of the H. P. turbine is provided with a com- 
position bushing secured to the casing. Steam that leaks through this bushing 
is led to a stage of lower pressure. 

8 
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L. P. Ahead Drum^L. P. 
Turbine — ^Nevada. 
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Part IV. 
GENERAL DETAILS. 

Main Bearings. At each end of the turbine is a main bearing supporting 
the shaft. It is outside of the casing, secured to and forming a part of the 
casing. It is of the usual marine type of bearing (see FIGURE 86, folder, 
p. 112). 

Adjusting and Thnut Block. At the forward end of each turbine is a 
small thrust block. This is shown combined with the forward main bearing 
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FIGURE 87. 

Impulse Blade. 




in FIGURE 86. The thrust blocks are of the usual marine horse-shoe type, 
water cooled. Each horse-shoe thrust block can be adjusted independently 
by means of nuts on bolts to which it is secured on either side. Provision is 
made for circulating water through each horse-shoe block. As the steam 
thrust is always in excess of the propeller thrust, the thrust block takes a 
large amount of thrust only when starting or stopping so that there is very 
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little wear on the bearing surfaces. The thrust block is used principally 
to retain the rotor in a fixed fore and aft direction in relation to the casing 
to assure proper fore and aft clearance between moving and fixed blades. 

Blading. The blading of the latest Curtis turbines is secured to the 
casing, wheels, and drums by insertion in grooves of dovetailed crossHsection. 
The roots of the blades are machined to fit these grooves, as shown in 
FIGURE 87. The spacing between blades is adjusted and maintained by 
packing pieces with similar root shape and machined to fit snugly the curvature 
of the blades, as shown in FIGURE 88. Referring to FIGURE 89, the blades 
a and the packing pieces b are inserted in the grooves through a space c 
which is widened to allow the root of the packing piece to pass. After the 
blades and packing pieces are all inserted, the space c is filled in with a closing 





FIGURE 88. 

Packing Pieces. 
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FIGURE 89. 

Method of Inserting 
Packing Pieces. 



FIGURE 90. 

Cross-Section of Bucket 
Bands or Shrouding. 



key. The packing pieces are caulked to secure the blades firmly. The tips of 
the blades are shaped, as shown in FIGURE 87, for insertion into holes of the 
bucket bands which bind the blades of each row together. The tip projection 
is riveted after the bucket band is secured in place. The bucket band is also 
known as shrouding. The cross-sectional form of two kinds of bucket bands 
is shown in FIGURE 90. That for velocity blades is a; that for drum stages 
is b. 

Another method of securing blading in Curtis turbines, to be found on 
all but the latest ships with these turbines, is blading with a foimdation ring. 
The blades are milled at the root to fit into holes in a ring of fl-shape, 
FIGURE 91. The roots of the blades are riveted at R. The foundation ring, 
which is in segments, is sawed as shown at c in order that it may be bent to the 
curvature of the casing or rotor. The foundation ring has serrations a cut 
in either side so that when secured to the rotor the edges of the grooves into 
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which the ring fits may be caulked to fill these serrations. The bucket band 
or shrouding S is then placed and the blade tips riveted. 

Steam Connectioiu. The steam connections to the turbine casings may 
be tabulated as follows: 

1. Cruising turbine : 

(a) From main steam-line to the first pressure stage nozzles. 

(b) From main steam-line to the first pressure stage compartment. 

(c) Warming-up pipe to first pressure stage compartment. 

(d) Exhaust pipe from last pressure stage compartment to the H. P. 
turbine. 

(e) Relief valve and pressure gage connections to the first pressure 
stage compartment 




FIGURE 91. 

Impulse Blades with Foundation Ring. 



2. H. P. turbine: 

(a) Two exhaust inlets from the cruising turbine. 

(b) From main steam-line to first pressure stage nozzles. 

(c) By-pass connection from first pressure stage compartment to 
sixth pressure stage. 

(d) Exhaust from 14th pressure stage to 15th pressure stage. 

(e) Exhaust from 30th pressure stage to L. P. turbine. 

(f ) Relief valve and pressure gage connections to first pressure stage 
compartment. 

(g) Warming-up pipe to first pressure stage compartment and one 
to 16th pressure stage. 
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3. L. P. turbine: 

(a) Two exhaust inlets from the H. P. turbine to first L. P. stage. 

(b) Auxiliary exhaust inlet to the first pressure stage. 

(e) Relief valve and pressure gage connections for the first pressure 
stage. 

(d) Warming-up connection for first pressure stage and one for the 
first pressure stage of astern turbine. 

(e) Main exhaust pipe for the ahead and the astern turbine to the 
main condenser. 

Drain Connections. Brain connections may be tabulated as follows: 
1. Cruising turbine: 

(a) A drain-pipe for each pressure stage. 




FIGURE 91a. 

Curtis Turbine — ^New Mexico. 



2. H. P. turbine: 

(a) Brain-pipe for each of the first four pressiire stages. 

(b) Brain-pipe for the pressure stages on the first ahead drum. 

(c) Brain-pipe for the pressure stages on the second ahead drum. 

3. L. P. turbine: 

(a) Brain for ahead turbine and for pressure stages on drum of 
astern turbine under main exhaust pipe. 

(b) Brain for first pressure stage of the astern turbine. 
Brain-pipes are led to the suction of the wet air-pump through a common 

connection. This connection has a U-bend to act as a water seal, and a light 
loaded non-return valve. Brains may also be opened to the bilge. 
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NEW MEXICO'S Turbines (FIGURE 91a). There are two Curtis tur- 
bines on the NEW MEXICO, used for driving the A. C. generators. They are 
manufactured by the General Electric Company. 

Each turbine consists of 10 pressure stages. The first pressure stage is 
velocity compounded twice. The moving blades of each pressure stage are 
mounted on a wheel secured to the shaft. The pressure stages mre separated 
by diaphragms which contain in the rim the nozzles for each succeeding pres- 
sure stage. The nozzles for the first pressure stage are built in a segment and 
are secured to the turbine casing head. 

This turbine runs at 2130 revolutions at full speed causing the A. C. gen- 
erator to develop 11,400 K. W. Speed regulation of the turbine is accom- 
plished by controlling by throttle valves the amount of steam to the nozzles 
of the first pressure stage and by steam admission to the nozzles of the fifth 
and eighth pressure stages (see FIGURE 106). 

Brown Curtis Turbine. This turbine is the British development of the 
Curtis turbine by John Brown and Company. For small units used for cruis- 
ing turbines transmitting power through mechanical reduction gearing to the 
shafts of main turbines, and for main turbines transmitting power to the pro- 
peller shafts through mechanical reduction gearing, the turbines are con- 
structed with a series of discs or wheels moimted on the shaft and separated 
by diaphragms, the dnun construction at the low pressure turbine being elim- 
inated. 

For large propelling plants, the turbine is divided into H. P., I. P., and 
L. P. units and utilizes superheated steam. The drum construction is elimi- 
nated as far as possible. 

No new principle is used in the Brown Curtis turbine, the improvements 
being in the careful design and testing of materials entering into the manu- 
facture of casings, wheels, diaphragms, and blade fastenings. 

A new departure in these turbines, as far as marine installations are con- 
cerned, is the suspension of the condenser from the underside of the low pres- 
sure turbine, eliminating the long exhaust pipe from turbine to condenser. 
This has the advantage of reducing weight, making one less joint between 
L. P. turbine and condenser, and eliminates the necessity of disconnecting the 
exhaust pipe when the top half of the casing is lifted for examination of the 
turbine. The suspension of the condenser in this manner necessitated careful 
tests and design to prevent distortion under all conditions of operation. 




FIGURE 86. 

Gurtds Adjustmg Block. 



CHAPTER X. 
MIXED OR COMBINED TURBINES. 

Introduction. The principles of pressure staging and velocity compound- 
ing are applicable to the impulse turbine only. The units for marine propul- 
sion have the first few pressure stages velocity compounded, and the remaining 
pressure stages are simple pressure stages. 

The compound reaction principle is applicable only to the reaction turbine. 
This turbine, used for marine propulsion, is comparatively long in order to 
increase the length of the path of steam flow and hence reduce the peripheral 
blade speed. 

In the evolution of turbine design, turbines have been constructed to 
combine both the impulse principle and the reaction principle. These turbines 
are known as mixed or combined turbines. The form in which these turbines 
have appeared in practical use is usually as follows: One impulse pressure 
stage velocity compounded is used at the H. P. end of the turbine. This is 
followed by several reaction expansions, from the last stage of which the steam 
exhausts to the condenser. The turbine may be contained in one casing, or, 
if the unit is a large one, it may be divided into a H. P. turbine and a L. P. 
turbine. 

None of these turbines have so far been adopted for use in the U. S. 
Naval Service, but as the type is coming into use for marine propulsion, and 
represents an important part of turbine development, two types likely to be 
found in American ships in the future are briefly described. These types are 
the Parsons, which is controlled by the Parsons Marine Steam Turbine Co., 
and the Westinghouse, which is controlled and manufactured by the Westing- 
house Machine Co. 

Parsons Combined Turbine (FIGURE 92). The unit shown here con- 
sists of an ahead turbine and an astern turbine contained in one casing. 

The ahead turbine consists of one impulse pressure stage velocity com- 
pounded four times, followed by seven reaction expansions. The velocity 
wheel of the impulse pressure stage is secured to the forward end of the reac- 
tion rotor which is built up in the usual manner with drum, wheels, and 
forward and after sections of shafting. The velocity wheel has a drum pro- 
jection on its forward end forming the dmnmy piston. This revolves inside 
a cylinder attached to the casing. On the dummy piston and cylinder the 
dummy packing is secured to prevent steam leakage from the impulse pres- 
sure stage to the inside of the reaction drum. 

The astern turbine consists of one impulse pressure stage velocity com- 
poimded four times. The construction of velocity wheel and dummy piston 
is the same as for the ahead turbine. The impulse pressure stage is followed 
by two reaction expansions, from the last stage of which the steam exhausts 
into the condenser. 
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Westinghouse Combined Turbine (FIGURES 93 and 94). This turbine 
consists of a H. P. unit and a L. P. unit. Each unit has an ahead and an 
astern turbine in the same easing. 

The H. P. ahead turbine consists of one impulse pressure stage velocity 
compounded twice. This pressure stage is followed by two reaction expan- 
sions. From the last reaction stage, the steam flows to the H. P. end of the 
L. P. ahead turbine. 

The H. P. astern turbine consists of one impulse pressure stage velocity 
compounded twice. From this pressure stage the steam exhausts to the L. P. 
astern turbine. In the H. P. turbine, it is necessary to have separate exhausts 
for the ahead and the astern turbines. These are shown on FIGURE 93, C 
for the ahead turbine and E for the astern turbine. These two exhaust cham- 
bers are sealed from each other by labyrinth packing around the rotor between 
the two turbines. 

The L. P. ahead turbine consists of five reaction expansions. The steam 
is expanded through these from a pressure of 24 pounds per square inch 
absolute at F to condenser pressure at H. The steam exhaust for the ahead 
turbine is from C, FIGURE 93, to F, FIGURE 94. 

The L. P. astern turbine consists of one impulse pressure stage velocity 
compounded twice. Steam exhausts from E, FIGURE 93, to G, FIGURE 94. 
The steam, after passing through the L. P. astern turbine, exhausts through 
H to the condenser. 

The dummy packing at the ahead end of each turbine is of the Parsons 
type with axial clearance. Leakage from the astern pressure stages is mini- 
mized by the use of glands where the shafts pass through the casings. Shaft 
glands are also installed around the shafts where they pass through the casings 
at the ahead ends of the turbines. 
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FIGURE 93. 

■Westinghouse Combined H. P. Turbine. 
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FIGURE 94. 

WestinghouBe Combined L. P. Turbine. 
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Blading. Impulse blading is secured as shown in FIGURE 95. 

blade root is dovetailed. After being inserted in the rotor groove 




FIGURE 96. 

Westinghouse Impulse Blades. 

blading is wedged at the side, and the tips of the blades are secured and e 
by the use of shrouding. 

Beaction blading is secured as shown in FIGURES 96 and 97. The h. 
is inserted in the grooves with packing pieces between each two blades. 



FIGURE 92. 

Parsons Combined Tiirbine. 




CHAPTER XI. 
HEAT LOSSES. SUPERHEAT. 

HEAT LOSSES. 

Turbine Speed. Marine turbine installations must be designed with com- 
paratively low bucket speed in order to keep within the range of efficiency of 
propellers. In order to reduce bucket speed, expansion of the steam must take 
place gradually in a large number of stages. This necessitates, in either the 
impulse or the reaction turbine, an increase in the nimiber of blade rows. With 
increasing mmiber of blade rows skin friction is increased and greater losses 
due to this take place as the steam flows through the turbine. 

Pk-opeUer Speed. The propeller is designed to develop thrust to overcome 
resistance of the ship. The thrust is transmitted to the propeller by reason 
of the differences of pressure existing between the driving face and the back 
of the blades, this thrust being established by accelerating a certain mass of 
"wrater. There is, however, a limiting velocity with which the water will flow 
into the propeller to take the place of that discharged astern. When the 
velocity of the astern race, or the difference in the pressure between the back 
and the front of the propeller blades, exceeds the limiting value, a vacuous 
space will be found at the forward sides of the blades. This phenomenon is 
faiown as ^* cavitation.'' Cavitation increases with increase of propeller speed. 
Increase of cavitation increases propeller slip or reduces propeller efficiency. 
For this reason, the speed of rotation of the propeller can be increased only 
up to a certain point without excessive loss in efficiency. 

Compromise Between Propeller Speed and Turbine Speed. In order to 
ol)tain as high an over-all efficiency as possible of turbine and propeller, the 
propeller speed must be increased with gradually decreasing efficiency, while 
tiie turbine speed must be decreased with gradually decreasing efficiency until 
& point of compromise is reached where the speeds adopted will give the best 
"possible efficiency for both turbine and propeller. Recent improvement in 
X)ropeller design has enabled propellers for destroyers to run at 900 revolu- 
tions per minute with 60 per cent efficiency. 

Steam Friction Losses. The reduction in turbine speed leads to the first 
^md most important loss that takes place in the turbine. As before stated, it 
is the increased friction loss due to a large increase of blade surface over which 
the steam must pass, and increased internal friction of the steam due to the 
steam path being longer from the admission end of the turbine to the 
condenser. 

Reaction Turbine Losses. An analysis of the different losses which occur 
in the Parsons turbine may be summarized under two heads : 

1. Total losses. 

2. Partial losses. 
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Parsons Total Losses. The total losses in the Parsons turbine divided 
into a H. P. and a L. P. turbine are as follows : 

(a) Leakage over the L. P. dummy. 

(b) Leakage through all shaft glands. 

(c) Mechanical friction of bearings. 

(d) Radiation. 

(e) Loss by carry over of regenerated heat from L. P. turbine to 
condenser. 

(f ) Loss due to fan action and friction of rotor wheels in the L. P. 
turbine. 

These losses amoimt to from 6 to 12 per cent. 

Parsons Partial Losses. The partial losses in the H. P. unit of the 
Parsons turbine, which are total losses as far as that turbine is concerned, but 
which are utilized in the L. P. turbine, are as follows : 

(a) Leakage over H. P. dummy. 

(b) Loss by carry over of regenerated heat from the H. P. turbine. 

(c) Loss due to fan action and friction of rotor wheels in the H. P. 
turbine. 

These losses amoimt to from 4 to 8 per cent. 

The partial losses in both H. P. and L. P. units, which are being con- 
tinuously utilized in the next lower expansion as regenerated heat, are as 
follows : 

(a) Friction of steam in blade channels. 

(b) Leakage over tips of blades. 

(c) Steam shock and eddying. 

(d) Friction of steam on walls of casing and on rotor drum. 
These losses amoimt to from 25 to 35 per cent. 

Pressure Velocity Compounded Impulse Turbine Losses. An analvBis of 
the different losses which occur in the Curtis turbine may be arranged under 
two heads : 

1. Total losses. 

2. Partial losses. 

Curtis Total Losses. The total losses in the Curtis turbine with one unit 
are as follows : 

(a) Leakage through shaft glands. 

(b) Mechanical friction of bearings. 

(c) Radiation. 

(d) Loss by carry over of regenerated heat from the last pressure 
stage to the condenser. 

These losses amount to from 3 to 7 per cent. 

Curtis Partial Losses. The partial losses in the Curtis turbine, which 
are total losses in one stage, but which are utilized in the next lower stage, are 
as follows: 

(a) Friction of steam in nozzles. 

(b) Friction and shock in buckets. 

(c) Leakage through bushings between stages. 

(d) Friction and fan action of wheels, dnun, and moving blades. 
These losses amount to from 38 to 45 per cent. 
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SUPERHEAT. 

Superheated Steanu The use of superheated steam for marine turbine 
work has not been extensive, but superheating is used considerably in land 
installations. Superheat is used with battleships having electric drive where 
the turbo-generators are of a size and run at a speed more nearly that of 
turbines in land installations. The increased economy obtained by ttie use of 
superheated steam is partly due to the fact that no water is carried over with 
the steam from the boilers; but economy is chiefly obtained by the fact that 
f rictional losses in ihe blading, nozzles, etc., is less in the case of superheated 
steam than when the steam is in a wet condition. The increased economy 
obtained by the use of superheated steam may be taken to be about from 
10 to 12 per cent reduction in the steam consumption, and about from 8 to 9 
per cent reduction in the fuel consumption, for every 100° of superheat used. 

Disadvantages of Superheat. The disadvantages of superheating gen- 
erally are: 

1. Difficulties in upkeep of superheaters. 

2. Distortion of the turbine parts due to the use of high temperatures. 

3. Erosion of the blading. 

In the case of the Parsons all-reaction turbine, where tip clearance must 
be kept as low as possible, the liability to distortion might be considered to be 
serious ; but with the Curtis turbine, or with turbines with the impulse principle 
at the H. P. end, the clearances are not of necessity small, and therefore the 
risk of damage due to distortion is very small. 

The turbine most likely to cause trouble with high temperatures of super- 
heated steam is the astern turbine. This is often running for long periods in 
a vacuum at low temperatures, after which high temperature steam is suddenly 
admitted with liability to unequal expansion of mechanical parts and danger 
due to consequent distortion. 

Requirements of a Superheater for Marine Purposes. The requirements 
of a superheater for marine purposes are: 

1. That it should form an integral part of the boiler. 

2. That it should be so placed in the path of the boiler gases as to 
obtain the required degree of superheat for the steam. 

3. That it should be designed to be cut out of use in case of leakage 
or failure of a tube. 

4. That it should be designed to cease superheating the steam if the 
engines are suddenly slowed or stopped. 



CHAPTER XII. 
TRANSMISSION. 

Introduction. In the case of the turbine, the higher the speed of rotation 
the greater is the economy of operation. This is coupled with a great reduc- 
tion in the size and weight of the turbine. On the other hand, with the screw 
propeller, high speeds not only tend to reduction in propeller efl&ciency, but 
very quickly reach a limiting value which cannot be exceeded. 

With turbine installations for naval ships, it is necessary to obtain as high 
an efl&ciency as possible for turbines and propellers combined, at all speeds 
from low cruising speeds to full speed. This is necessary because it is desired 
to conserve the fuel supply in order to increase radius of action. High efl&- 
ciency at low speeds is also necessary because most of the steaming of men-of- 
war is done at speeds less than full speed. 

Sjrstems of Transmission. In order to meet these demands, transmission 
has been developed that will allow the turbine to have relatively high speeds 
of rotation. These high turbine speeds are reduced by transmission to speeds 
that will give high propeller efl&ciency. The systems that have met with suc- 
cess in their practical application are : 

1. The use of a reciprocating engine exhausting to a turbine. Engine 
and turbine are direct connected to the propeller shaft. 

2. Mechanical reduction through gear-wheels. Turbines may be con- 
connected to reduction gears, or a combination may be used consisting of 
cruising turbine geared to the propeller shaft for low speeds of the ship 
with direct connected turbines for high speeds of the ship. 

3. Electrical transmission. Turbines are used for generating current, 
and the current is used for propulsion by use in motors direct connected 
to the propeller shafts. 

4. Hydraulic transmission. This is a combination of a steam turbine 
driving a centrifu^ pinnp. The energy given the water by this pinup is 
utilized in driving at reduced speeds a water turbine direct connected to 
the propeller shaft. 

Reciprocating Engine and Turbines. In this system, one or more recip- 
rocating engines are used in combination with one or more turbines. The 
steam is used fibrst in the reciprocating engine, and the exhaust from this is 
led to the turbine. By means of this system, special advantages in economy 
are obtained. The reciprocating engine is more economical in steam consump- 
tion than is the H. P. end of the turbine, while the L. P. end of the turbine is 
more economical than the L. P. cylinder of the engine. This latter is due 
chiefly to the fact that in the turbine a high vacuum can be much more efl&ciently 
utilized. Consequently, in the combination, each type of engine operates for 
that portion of the cycle for which it is best adapted, and the final result is 
one materially better than with either the reciprocating engine or the turbine 
alone. 

9 12S 
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A modification of this system has been employed on destroyers. Wit! 

the Parsons turbines (two shafts) only one reciprocating engine is used 

connected by clutch to the port shaft (see FIGURE 114). With Curtis anc 

. Zoelly turbines, there is a reciprocating engine connected to each shaft througt 




FIGURE 114. 

Gununings. 
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FIGURE 118. 

Parker and Dimcan. 

a cluteh (see FIGURE 118). The reciprocating engines are designed to give 
the ship a speed of about 16 knots when working in series with the turbines, 
and above this speed the reciprocating engines are disconnected and the tur- 
bines alone are used. 
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Mechanical Reduction Gear. This is the simplest of the transmiBsion 
systems. It consists of a large gear-wheel on the propeller shaft. Cleared to 
the \a.rge gear-wheel is a pinion on the turbine shaft. The gear-wheels have 
helical teeth. 

This system gives an efficiency of transmission of from 98 to 98J per cent. 

Its advantages are: 

1. Highest mechanical efficiency. 

2. Any fixed speed reduction ratio can be used. 

3. It is the li^test in weight 
Its disadvantages are : 

1. The power transmitted per shaft is limited due to a limit to the 
size, and hence to the strength, of the gear teeth. 

2. The backing power is limited. 
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FIGURE 113. 

Wadsworth. 
(See Figure 98.) 



WADSWORTH*S Arrangement. Mechanical gearing has been used in 
two ways. The WADSWORTH type represents an arrangement where the 
main turbines are geared to the propeller shafts (see FIGURE 113). It consists 
of two turbines in series for each propeller, one H. P. and one L. P. turbiue, 
each on its own shaft. The shafts of both turbines are geared through pinions 
on opposite sides of the main gear-wheel which is coupled directly to the pro- 
peller shaft The steam on exhausting from the H. P. turbine passes to the 
L. P. turbine, thence to the main condenser. The H. P. turbine is provided witli 
cruising expansions which may be by-passed for full speed. At the exhaust 
end of the L. P. turbine, an astern turbine is installed. The main thrust 
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figure: 98. 

Wadsworth Bednetion Gear. 
(See Figure 113.) 
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bearing is on the propeller shaft forward of the main gear-wheel. FIGURE 98 
shows a plan arrangement of the gear-wheels and pinions. FIGURE 99 shows 
the gear-wheels with gear-box cover removed. This arrangement has given 
good economy at all speeds. 




FIGURE 99. 

Port Reduction Gear, Looking Aft — Wadsworth. 



Upper Casing Removed. 



Cruising Turbine Reduction Gear. In this type, the main turbines are 
direct connected to the propeller shafts which may be two to four in number. 
On the two-shaft ships, the NEVADA and the CUSHING, each propeller shaft 
has secured to it at the forward end through a clutch a main gear-wheel (see 
FIGURES 110 and 119). Each cruising turbine is geared to the main gear- 
wheel through a pinion on the cruising turbine. A side elevation and plan of 
the NEVADA'S gearing is shown in FIGURE 100. FIGURE 101 shoves the 
gearing with gear-box cover removed. This is a type of double reduction gear. 
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FIGURE 110. 

Nevada. 
(See Figure 100.) 
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FIGURE 119. 

Gushing. 
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FIGURE 100. 

Reduction Gear — Nevada. 
(See Figure 110.) 
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FIGURE 101. 

Reduction Gear — Nevada. 
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Conyngham. 
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On the two-shaft destroyer CONYNGHAM there is one cruising tvirbinc 
jred to the starboard propeller shaft. The gearing may be disconnected 
om the propeller shaft by means of a clutch (see FIGURE 115). In the 
our-shaft arrangement of gearing for the ARIZONA, a cruising turbine is 
feared to each outboard shaft and may be disconnected by means of a clutch, 
phis arrangement of gearing is made up of the main gear-wheel secured to the 
;>ropeller shaft, and a pinion secured to the cruising turbine shaft. The plan 
-lew is shown in FIGURE 102. 



Coupling to 
Cruising 
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Propeller 
Shaft 




Std. Gear 
(Port Gear Reversed) 

FIGURE 102. 

Reduction Gear — Arizona. 
(See Figure 109.) 



In the four-shaft arrangement of the PENNSYLVANIA, each outboard 
shaft is connected to two cruising turbines. The main gear-wheel is secured 
to the propeller shaft and may be disconnected by means of a clutch (see 
FIGURE 111). The two cruising turbines are geared to opposite sides of the 
main gear-wheel by means of pinions on the two cruising turbine shafts. The 
plan view of one gear is shown in FIGURE 103. FIGURE 104 shows the gear- 
box with cover removed. 

Gutch. The clutch used for connecting and disconnecting cruising recip- 
rocating engines and cruising turbines must be designed to connect and dis- 
connect when the engines are running, and must transmit power without 
slipping when the engines are connected up. A type of power clutch foxmd 



132 



STEAM TUEBINES. 



Propeller 
Shaft •>• 




FIGURE 103. 

(See Figure 111.) 
Beduction Qear — PemiajlTaDia. 
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shaft is a double squirrel cage induction motor arranged to be used as either 
a 24- or a 36-pole motor. Using 24 poles, the alternator and turbine speed is 
12 times the motor speed. Using 36 poles, the alternator and turbine speed 
is 18 times the motor speed. This is the principal advantage of electric propul- 
sion. It is a two-speed reversible gear between turbines and propellers. Thus, 
at full speed and at a normal cruising speed the turbine can be run at its full 
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FIGURE 106. 

Electric Drive — ^New Mexico. 

speed of 2130 revolutions per minute where its efficiency is highest, while 
the speed reduction may be to about 180 revolutions or about 120 revolutions 
for the propellers. For other speeds, the turbine and alternator must be 
slowed down in the usual manner. 

The electric drive is being installed in the NEW MEXICO, and will be 
installed in later battleships and battle cruisers. The plan arrangement of 
the NEW MEXICO'S machinery for the port side is shown in FIGURE 106. 
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Speeds up to 18J knots are gotten by the use of only one turbine. Above this 
speed, both turbines are used. 

The efficiency of transmission of this system is from 91 to 92 per cent. 

Its advantages are: 

1. Any power can be used per shaft. 

2. Most economical at cruising speeds. 

3. No astern turbine or transformer needed. Turbine always nms 
in the same direction. 

4. No starting and stopping of turbine in maneuvering. 

5. Full power available for backing. 

Its disadvantages are: 

1. Less efficient at full powers than mechanical gearing. 

2. Heavier than gearing and requires more space for installation. 

Hydraulic Transmission. The hydraulic transmission has met with suc- 
cessful application iq the type known as the Fottinger transmitter. A high 
speed steam turbine is connected directly to the shaft of a centrifugal pump. 
The water discharged from the pump is led to a water turbine coupled directly 
to the propeller shaft. The water turbine is so designed that the energy in the 
water causes it to revolve at a lower rate of speed than the pump. For prac- 
tical application, the pump and the water turbine are arranged in one casing. 

The efficiency of the hydraulic system is from 83 to 90 per cent, depending 
on the ratio of reduction. 

Its advantages are: 

1. Any power can be used per shaft. 

2. More compact engine arrangement. 

3. No astern turbine is needed. 

4. Backing power about 85 per cent of ahead power. 

Its disadvantages are: 

1. Least efficient. 

2. Speed reduction limited because of loss of economy with large 
speed reductions. A reduction of speed from 6 to 1 is about the limit of 
this system. 

A cross-section of the transmitter is shown in FIGURE 107. The shaft 
is fitted with an astern transmitter forward and an ahead transmitter aft. 
When the ahead transmitter is in use it is full of water and the astern trans- 
mitter is empty. In the case of the ahead transmitter, two water turbine 
wheels are used to extract the energy given to the water by the pump. 

The pumps A and E are connected to the steam turbine shaft. Water is 
ejected from A to the water turbine vanes D. Upon leaving D the water 
returns to the pump A. When the propeller is reversed by the astern water 
turbine, this turbine is full of water and the ahead turbiae is empty. Water 
is then ejected from E through guide F to turbine G. Prom G it flows back 
to the pump E. The turbines G, B, and D are all connected to the propeller 
shaft. The astern turbine wheel G and the ahead turbine wheels B and D are 
all bolted together and consequently revolve as one. 

If both transmitters are empty, the steam turbine shaft carrying the 
ahead and astern pump impellers A and E will revolve idly, and no motion 
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to the propeller shaft will take place. The steam turbine is prevented from 
running away by the use of a governor. 

The filling or emptying of either transmitter when the motion is required 
to be reversed is controlled by means of the valve situated under the casing. 
The water is supplied by a pump driven off the forward end of the steam 
turbine shaft. The valve is horizontal and of the piston type, the position 
shown being that occupied when the transmitter is going ahead. The make-up 
water from the piunp passes from the valve chamber V through passage P, 
and thence through the port N to the ahead transmitter. The drain space S 
in the astern transmitter is in communication with the valve chamber U which 
is open to the drain system. Consequently, the astern transmitter is kept clear 
of water. When the valve is drawn forward, the ports U and V are closed, and 
the passages T and Q are opened. The valve chamber T is in communication 
with the drain space R, in the ahead transmitter, and consequently water is 
drained from the ahead transmitter. Owing to the port to the valve chamber 
U being closed when the valve is in the forward position, the astern transmitter 
can no longer drain, and the make-up water will pass through passage Q to 
the astern transmitter and place it in use. 

When maneuvering, this valve controls the speeds of the propeller. The 
steam turbine is kept running. By slowly moving the valve from the neutral 
position, any speed of the propeller can be obtained in either direction. This 
is accomplished by opening the water ports only partially and by closing the 
drain ports only partially. The transmitter in use is then only partially filled 
with water, which results in decreased speed for the water turbine. 



\s.^M^si FIGURE 107. 

Hydraulic Transmitter. 




CHAPTER XIII. 
TURBINE INSTALLATIONS. 

The present chapter gives diagraminatic plans for turbine installations 
of battleships and destroyers in the U. S. Navy. The sequence of descriptions 
follows as nearly as possible the development of the arrangements for both the 
Parsons and the Curtis turbines, the older installations coming first. Each 
installation described represents a type to be found on destroyers or battle- 
ships. There may be slight variations from the types described, but these do 
not change the essential characteristics of the arrangements of the propelling 
machinery. 

The following table gives the relative economies of engines and propellers for a Standard Ship. The 
results are obtained by dividing the pounds of steam per shaft horsepower by the propulsive coefficients 
which are usually obtained with the type of hull possessed by the standard vessel and the difiTerent pro> 
pellers which are fitted according to current practice. Giving 100 per cent as the efficiency of that com- 
bination which is the best at any given speed, also allowing an average correction of five per cent for 
electric propulsion in order to give an approximation to the actual economy of that system by allowing 
this percentage, which is small* for the cost of the main air» main circulating, forced lubrication, and oil 
pumps, the following results are obtained: 

TABLE B. 

COMPARISON OP COMBINED ECONOMY OP MACHINERY AND PROPULSIVE EFFICIENCIES FOR 

THE DIFFERENT TYPE INSTALLATIONS.* 



Type 



Direct connected Curtis turbines 

Direct connected Parsons turbines 

Direct connected Curtis with geared cruising. 
Direct connected Parsons with geared cruising 

Direct connected Curtis •. 

Direct connected Parsons 

Direct connected Curtis with geared cruising. 
Direct connected Parsons with geared cruising 

Parsons geared 

Curtis geared 

Electric propulsion 

Reciprocating engines with dry steam 

Reciprocating engines with superheated steam 



Pio- 

pcller 

No. 



3 
3 
3 
3 
2 
2 
2 
2 
2 
2 
2 
I 
1 



Measure of economy per cent 



at: 



Speed in knots. 



10 



43.1 
46.5 
66.1 
69.4 
55.5 
56.1 
76.2 
73.2 
66.9 
91.6 
100.0 
70.2 
71.2 



15 



59.6 
64.3 
67.5 
80.0 
71.4 
77.1 
77.8 
90.0 
93.9 
94.5 
100.0 
75.0 
80.0 



19 



66.2 
72.1 
66.2 
72.1 
78.2 
85.0 
78.2 
85.0 
100.0 
97.5 
96.9 
76.7 
82.4 
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70.0 
78.2 
70.0 
78.2 
80.0 
90.8 
80.0 
90.8 
lOO.O 
96.9 
97.8 
74.3 
80.0 



iProm "Th« Passing of the Direet-OoBM«tad Tuiibiiit for ths Propulsion of Ships," by Bear Admiral 0. W. Dyson, U. 8. MsTy, 
Vol. ZZZI, No. 9, Aug. 1919, A« & N. B. 
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UTAH. The propelling machinery consists of Parsons turbines arranged 
on four shafts, as shown in FIGURE 108. On the inboard port shaft is a 
H. P. ahead cruising turbine, and aft of it on the same shaft is a L. P. ahead 
and astern turbine. On the starboard inboard shaft is an I. P. ahead cruising 
turbine, and aft of it on the same shaft is a L. P. ahead and astern turbine. 
The astern turbine is aft of the L. P. ahead turbine, but in the same casing. On 
each outboard shaft is a main H. P. turbine, and aft of it on the same shaft 
is a separate H. P. astern turbine. 

Low Cruising Speeds. For low cruising speeds, steam is admitted to the 
H. P. cruising turbine, exhausts to the I. P. cruising turbine, then exhausts to 
the main H. P. turbines, then exhausts to the L. P. ahead turbines, then 
exhausts to the condensers. 

High Cruising Speeds. For high cruising speeds, steam is admitted to 
the I. P. cruising turbine, exhausts to the main H. P. turbines, then exhausts 
to the L. P. ahead turbines, then exhausts to the condenser. The H. P. cruis- 
ing turbine turns idly in a vacuum. 

FuU Speed. For full speed, steam is admitted to the main H. P. turbines, 
is exhausted to the L. P. ahead turbines, and then exhausts to the condensers. 
The I. P. and H. P. cruising turbines turn idly in a vacuinn. 

Backing. For backing, steam is admitted to the H. P. astern turbines, 
exhausts to the L. P. astern turbines, and then exhausts to the condensers. 
The ahead turbines all turn idly. 
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FIGURE 108. 

Utah. 
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ARIZONA and IDAHO. The propelling machinery consists of Parsons 
turbines arranged on four shafts, as shown in FIGURE 109. The center- 
line bulkhead divides the machinery space into two parts. Each half is again 
divided into two parts, forming f oiur engine-rooms. The starboard and port 
installations are identical, but reversed in arrangement. On the outboard 
propeller shaft is the L. P. ahead and astern turbine contained in one casing. 
The L. P. astern turbine is under the exhaust pipe to the condenser. The 
L. P. ahead and astern turbine is direct connected to the propeller shaft. 
Forward of the L. P. ahead and astern turbine is a cruising tiurbine connected 
to the outboard propeller shaft by reduction gear and clutch. On the inboard 
propeller shaft is the H. P. ahead turbine, and aft of it on the same shaft is 
the H. P. astern turbine. Each has a separate casing, and both are direct 
connected to the inboard propeller shaft. 

Low Cruising Speeds. For low cruising speeds, the cruising turbine is 
connected to the outboard shaft through the reduction gear by means of a 
clutch just aft of the reduction gear. Steam is admitted to the cruising 
turbine, expands through this turbine and exhausts to the H. P. end of the 
H. P. turbine. It expands through the H. P. turbine and then exhausts to 
the H. P. end of the L. P. ahead turbine. Steam expands through this turbine 
and then exhausts to the main condenser. The steam is utilized in the cruising 
turbine as follows : For 12 knots or less, steam enters the first expansion. For 
15 knots to 12 knots, the first expansion is by-passed and steam enters the 
second expansion. For 17 knots to 15 knots, the first, second, and third expan- 
sions are by-passed and steam enters the fourth expansion. 

FuU Speed. For speeds from 17 knots to full speed, the cruising turbine 
with its reduction gear is disconnected by means of the clutch. Steam is 
admitted to the H. P. end of the H. P. ahead turbine and expands through this 
turbine. It exhausts from this turbine and enters the H. P. end of the L. P. 
ahead turbine and expands through this turbine. It exhausts from the L. P. 
ahead turbine to the main condenser. 

Backing. For backing, steam is admitted to the H. P. astern turbine. 
It expands through this turbine and exhausts to the L. P. astern turbine. 
After expanding through the L. P. astern turbine^ the steam exhausts to the 
main condenser. 



TUBBINE INSTALLATIONS. 



143 




FIGURE 109. 

Ariizona. 
(See Figure 102.) 
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NEVADA* The propelling machinery consists of Curtis turbines arranged 
on two shafts, as shown in FIGURE 110. On each shaft there is a BL P. 
ahead and a L. P. ahead and astern turbine, both direct connected to the 
propeller shaft. The K P. turbine is aft and contains in the same casing 
both the L. P. ahead turbine and the astern turbine. The astern turbine is 
aft of the ahead turbine. Forward of the H. P. ahead turbine is a cruising 
turbine connected to the shaft by means of a clutch and a double reduction 
gear with a reduction ratio of 23.85 to 1. The clutch is aft of the reduction 
gear. 

Cruising Speeds. The cruising turbines are connected by clutch to the 
propeller shaft. For speeds below 15J knots, steam is admitted to the cruising 
turbine and exhausts into the first wheel compartment of the H. P. ahead 
turbine. After passing through the H. P. ahead turbine, the steam exhausts 
into the L. P. ahead turbine. From the L. P. ahead turbine, the steam 
exhausts into the condenser. For speeds slightly in excess of 15J knots, addi- 
tional steam is admitted to the steam chest of the H. P. ahead turbine through 
a 5-inch pipe from the main steam-line. It is to be noted that the exhaust 
from the cruising turbine leads into the first pressure stage of the H. P. ahead 
turbine, and therefore does no work in this stage. 

High Cruising and FuU Speeds. For speeds higher than about 16^ 
knots, the cruising turbine with its reduction gear is disconnected by means 
of the clutch. Steam is admitted from the main steam-line by means of two 
9-inch pipes, or a 5-inch pipe, to the steam chest of the H. P. ahead turbine. 
After passing through the H. P. ahead turbine, the steam exhausts to the 
L. P. ahead turbine, passes through this turbine and then exhausts to the 
condenser. 

Backing. For backing, the cruising turbine is disconnected by means of 
the clutch. Each astern turbine obtains steam as desired by a throttle valve 
on a pipe led from the main steam-line. When backing, the ahead turbines 
run idly. 



k 
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FIGURE 110. 

Nevada. 
(See Figure 100.) 
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PENNSYLVANIA and MISSISSIPPL The propelling maehinery con- 
sists of Curtis turbines arranged on four shafts, as shown in FIGURE 111. 
The madiinery space is divided into two parts by the center-line bulkhead. 
On eadi side of this bulkhead are two engine-rooms separated by an athwart- 
ship bulkhead. The port and starboard installations are identical, but reversed 
in arrangement. On the outboard propeller shaft, and direct connected to this 
shaft, is the L. P. ahead and astern turbine contained in one casing. Forward 
of the L. P. ahead and astern turbine are two cruising turbines connected to 
the propeller shaft through a reduction gear and a clutch. The reduction gear 
consists of the main gear-wheel connected to the propeller shaft by means of 
the clutch; and geared to the main gear-wheel, but on opposite sides, are 
pinions attached by flexible couplings to the cruising turbine shafts. On the 
inboard shaft is the H. P. ahead turbine, and aft of it on the same shaft is 
the H. P. astern turbine. 

Cruising Speeds. The cruising turbines are connected to the propeller 
shaft by means of the clutch. Steam from one cruising turbine passes to the 
other cruising turbine, then to the H. P. ahead turbine. Prom the H. P. 
ahead turbine the steam exhausts to the L. P. ahead turbine, and finaUy 
exhausts from this turbine to the condenser. 

High Cruising and FuU Speeds. The cruising turbines and reduction 
gear are disconnected by means of the clutch. Steam enters the steam chest 
of the H. P. ahead turbine, speed being controlled by the number of nozzles 
in use. Steam exhausts from the H. P. ahead turbine to the L. P. ahead 
turbine, and from the L. P. ahead turbine to the condenser. 

Baddng. For backing, steam is admitted directly to the H. P. astern 
turbine. It exhausts from the H. P. astern turbine to the L. P. astern turbine, 
and then exhausts from the L. P. astern turbine to the condenser. When 
backing, the cruising turbines are disconnected and the ahead turbines run 
idly. 
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Pennsylvania. 
(See Figure 103.) 
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STEAM TURBINES. 



PRESTON. The propelling machinery consists of Parsons turbines 
arranged on three shafts, as shown in FIGURE 112. All turbines are direct 
connected to the propeller shafts. The center shaft is driven by the main 
H. P. turbine with no astern turbine. The starboard shaft is driven by the 
I. P. cruising turbine and one L. P. ahead and astern turbine. The port 
ilbaft is driven by the H. P. cruising turbine and one L. P. ahead and astern 
turbine. In the L. P. ahead and astern turbines, the L. P. ahead and the 
astern turbines are in the same casing, the L. P. ahead turbine being forward 
of the astern turbine. 

Low Cruising Speeds. For low cruising speeds, steam is admitted to 
the H. P. cruising turbine from which it exhausts to the I. P. cruising turbine. 
From the I. P. cruising turbine, the steam exhausts to the main H. P. turbine. 
From the main H. P. turbine, the steam exhausts to the L. P. ahead turbines^ 
and from them to the condensers. 




FIGURE 112. 

Preston. 



High Cruising Speeds. For high cruising speeds, steam is admitted to 
the I. P. cruising turbine. From this turbine, the steam exhausts to the main 
H. P. turbine, and from the main H. P. turbine to the L. P. ahead turbines. 
It finally exhausts from the L. P. ahead turbines to the condensers. The 
H. P. cruising turbine turns idly in a vacumn maintained through its drain 
connection to the main condenser. 

FuU Speed. For full speed, steam is admitted to the main H. P. turbine, 
and from this turbine it exhausts to the L. P. ahead turbines. It finally 
exhausts from the L. P. ahead turbines to the main condensers. The H. P. 
cruising turbine and the I. P. cruising turbine turn idly in a vacuum main- 
tained through their drain connections to the main condensers. 

Backing. The center shaft is not used for backing. Each astern turbine 
has a steam connection to the main steam-line to allow of the admission ot 
steam to the turbine steam chests. The steam is controlled by a throttle on 
each turbine steam-line. The L. P. ahead turbines and the cruising turbines 
turn idly when backing. Steam exhausts from the astern turbines to the main 
condensers. 
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Parsons' Turbines of Preston Class Destroyers Assembled on 
Shop Floor. (See Figure 112.) 

Ii. p. Ahead aad Astero Turbine. L. P. Ahead and Astern Turblae. 

Main H. P. Turbine. 

I. P. Cruising Turbin*. H. P. Cruising Turbine. 
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WADSWORTH. The propelling macliinery consists of Parsons tur- 
bines mechanically geared to two propeller shafts. Each propeller shaft is 
driven tkrough gearing by one H. P. ahead turbine and one L. P. ahead and 
astern turbine, as shown in FIGURE 113. The astern turbine is in the same 
casing as the L. P. ahead turbine and aft of the L. P. ahead turbine. The 
reduction gear consists for each propeller shaft of the main gear-wheel keyed 
to the propeller shaft. With each gear-wheel is meshed a pinion on the H. P. 
turbine shaft with reduction ratio of 5.54 to 1, and a pinion on the L. P. turbine 
shaft with reduction ratio of 3.36 to 1. 

Cruising Speeds. For cruising speeds, steam is admitted in each engine- 
room to the first stage of the H. P. turbine. It exhausts from the H. P. tui*bine 
to the L. P. ahead turbine, and exhausts from this turbine to the condenser. 

Full Speed. Steam is admitted in each engine-room to the first stage of 
the fifth expansion of the H. P. turbine. It exhausts from the H. P. turbine 
to the first stage of the L. P. ahead turbine, and finally exhausts from this 
turbine to the condenser. The first four expansions of the H. P. turbine, 
which are called cruising expansions, are not used but are by-passed. 

Backing. Each astern turbine has a steam pipe leading from the main 
steam-line, and takes steam in its first stage from this line. The steam exhausts 
from the astern turbines to the main condensers. The steam for each astern 
turbine is controlled by a throttle valve on each of the astern turbine steam- 
lines. 
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figure: 113. 

Wadsworth. 
(See Figure 98.) 
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CUMMINGS. The propelling machinery consists of an installation of 
Parsons turbines in combination with a reciprocating engine of the two 
cylinder compoimd type. The engines are arranged on two propeller shafts, 
as shown in FIGURE 114. On the port propeller shaft is the L. P. ahead and 
astern turbine in one casing. Forward of the L. P. turbine is the reciprocating 
engine connected to the propeller shaft by means of a dutch. On the star- 
board shaft is a H. P. ahead turbine, and aft of it on the same shaft a H. P. 
astern turbine. 

Low Cruising Speeds. For speeds below about 16 knots, the reciprocat- 
ing engine is connected to the port propeller shaft by means of the clutch. 
Steam enters the H. P. cylinder of the reciprocating engine. After passing 
through this engine, the steam exhausts to the first stage of the H. P. ahead 
turbine. It exhausts from the H. P. ahead turbine to the L. P. ahead turbine, 
and from this turbine it finally exhausts to the condenser. 

High Cruising Speeds. For intermediate speeds, the reciprocating 
engine is disconnected by means of the clutch. Steam is admitted to the first 
stage of the H. P. ahead turbine. It exhausts from the H. P. ahead turbine 
to the L. P. ahead turbine, and finally exhausts from this turbine to the 
condenser. 

FuU Speed. For full speed, steam is admitted to the first stage of the 

second expansion of the H. P. ahead turbine. It exhausts from this turbine 

to the L. P. ahead turbine. From the L. P. ahead tnrfarne, ike steam Anally 

. exhausts to the condenser. The first expansion of the H. P. ahead turbine, 

which is called the cruising expansion, is not used but is by-passed. 

Baddng and Maneuvering. For backing, steam from the main steam- 
line may be admitted to the first stage of either astern turbine. Each has a 
separate steam-line with throttle control. The L. P. astern turbine exhausts 
its steam through the main exhaust pipe d to the condenser. The H. P. astern 
turbine exhausts its steam through the exhaust pipe c connected to the main 
exhaust pipe. 

When maneuvering, independent operation of the port and starboard 
shafts is accomplished by closing a valve in f which closes the exhaust from 
the H. P. ahead turbine to the L. P. ahead turbine. A valve in a is then 
opened, allowing the H. P. ahead turbine to exhaust through a into c into d 
into the condenser. Steam from the L. P. ahead and the L. P. astern turbine 
exhausts as before through pipe d to the condenser. 

The reciprocating engine, though not used, is not necessarily disconnected 
when maneuvering. It is designed to be dragged at about 400 revolutions per 
minute without injury. 
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Cuumungs. 
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CONYNGHAAl The propelling machinery consists of Parsons turbines 
arranged on two shafts, as shown in FIGURE 115. To the starboard shaft 
is direct connected the L. P. ahead and astern turbine contained in one casing. 
To the forward end of the starboard propeller shaft, a cruising turbine is 
connected by means of mechanical reduction gear and a clutch. To the port 
shaft, the H. P. ahead turbine and the H. P. astern turbine are direct con- 
nected. The H. P. astern turbine is aft of the H. P. ahead turbine. 

Low Cruising Speeds. For speeds below 20 knots, the cruising turbine 
is connected to the starboard propeller shaft by means of the clutch. Steam 
is admitted to the first stage of the cruising turbine and exhausts from this 
turbine to the H. P. ahead turbine. Steam exhausts from the H. P. ahead 
turbine to the L. P. ahead turbine, and finally exhausts from the L. P. ahead 
turbine to the condenser. 

High Cruising Speeds and Full Speed. The cruising turbine is discon- 
nected from the starboard propeller shaft when revolutions exceed a speed 
corresponding to 22 knots. Steam is then admitted to the first stage of the 
H. P. ahead turbine and exhausts from this turbine to the L. P. ahead turbine. 
Steam finally exhausts from the L. P. ahead tiirbine to the condenser. 

Backing and Maneuvering. For backing, steam may be admitted to 
either astern turbine by independent steam pipes with throttle control The 
H. P. astern turbine exhausts to the condenser by an exhaust pipe connected 
to the main exhaust pipe. The L. P. astern turbine exhausts to the condenser 
through the main exhaust pipe. 

For maneuvering, steam is admitted direct to the L. P. ahead or astern 
turbines, to the H. P. ahead or astern turbines, and exhausts direct from 
turbine to condenser. Non-return valves are fitted between the cruising tur- 
bine and the H. P. ahead turbine and between the H. P. ahead turbine and 
the L. P. ahead turbine. Between the H. P. ahead turbine and the L. P. ahead 
turbine, a large valve is fitted in the H. P. ahead turbine exhaust to permit 
the exhaust from this turbine to be closed to the L. P. ahead turbine and 
opened to the condenser. 

The H. P. turbine has a by-pass fitted to carry steam to the second 
expansion. 

Note. — This installation is reversed in the JACOB JONES; that is, the 
cruising turbine and the L. P. ahead and astern turbine are on tiie port shaft, 
and the H. P. ahead and astern turbines are on the starboard shaft The 
main condenser is located between the L. P. ahead and astern turbine and the 
H. P. astern turbine. These differences are not sufficieilt to cha^e the classi- 
fication of the installation from that included under the WAINWrIGHT type. 
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CONNER and STOCKTON. The propelling machinery consists of Par- 
sons turbines arranged on three shafts, as shown in FIGURE 116. On each 
outboard shaft is a L. P. ahead and astern turbine. The L. P. ahead and 
astern turbines are in each case included in the same casing. On the center 
shaft is the H. P. ahead turbine. Forward of the H. P. ahead turbine is a 
cruising turbine connected to the center shaft by means of a reduction gear 
and clutch. 

Low Cruising Speeds. For low cruising speeds, the cruising turbine 
is connected to the center shaft by means of a clutch. Steam is admitted to 
the first stage of the cruising turbine, and exhausts from this turbine to the 
first stage of the H. P. ahead turbine. The exhaust from the H. P. ahead 
turbine flows to both the L. P. ahead turbines, and these tiirbines exhaust to 
the condensers. 
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FIGURE 116. 

Conner and Stockton. 



High Cruising Speeds. The cruising turbine is disconnected by means 
of the clutch. Steam enters the first stage of the H. P. ahead turbine, and 
exhausts from this turbine to both the L. P. ahead turbines. The steam 
exhausts from the L. P. ahead turbines to the condensers. 

Full Speed. The cruising turbine is disconnected by means of the clutch. 
Steam is admitted to the first stage of the second expansion of the H. P. ahead 
turbine. The first expansion of this turbine is by-passed. Steam from the 
H. P. ahead turbine exhausts to the L. P. ahead turbines, and finally exhausts 
from these turbines to the condensers. 

Backing and Maneuvering. For backing, steam is admitted direct from 
the main steam-line to either astern turbine, and exhausts from the astern 
turbines to the condensers. The astern turbines may be used independently of 
each other. 

For maneuvering, the H. P. ahead turbine is not used. Steam is admitted 
direct to each of the L. P. ahead turbines through independent steam pipes 
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' wmr'tJif ottle control. Each of the astern turbines and each of the L. P. ahead 
turbines may be used independently as required. 

PERKINS. The propelling machinery consists of Curtis turbines di- 
rect connected to two propeller shafts, as shown in FIGURE 117. Each tur- 
bine includes the ahead tind the astern turbine both in the same casing. 




FIGURE 117. 

Perkins. 



Low Cruising Speeds. For speeds of about 16 knots and less, 
only two cruising nozzles in the first stage are used. 

High Cruising Speeds. For intermediate speeds, four to nine 
nozzles of the first stage are opened. 

Full Speed. For full speed, from 15 to 17 nozzles of the first 
stage are opened. 

Backing. The backing t\u*bines are in the after end of the main 
turbine casings. Each packing turbine has its own steam connection from 
the main steam-line. Steam is controlled by throttle valves. 
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STEAM TURBINES. 



DUNCAN and PARKER. The propelling machinery consists of Chirtia 
turbines on the DUNCAN class and Cramp turbines on the PARKER class. 
The turbines are direct connected to two propeller shafts, as shown in 
FIGURE 118. Each main turbine includes the ahead turbine and the astern 
turbine in one casing. Forward of the turbine, on each shaft, is a reciprocating 
engine of the two cylinder compound type. Tliis is brought into use by means 
of a power controlled clutch of the friction type aft of the engine. This clutch 
allows the engines to be connected or disconnected without slowing down. 

Low Cruising Speeds. For speeds of 15^ knots and less, the recipro- 
cating engines are used in connection with the main ahead turbines. The 
steam after being used in the reciprocating engines exhausts to the first wheel 
compartment of the main ahead turbines, and finally exhausts from these 
turbines to the condensers. 




FIGURE 118. 

Duncan and Parker. 



High Crubing Speeds. At intermediate speeds, the reciprocating engines 
are disconnected by means of the clutches. Steam is admitted to the inter- 
mediate ahead steam chest and throttled to suitable pressure for the speed 
desired. Steam exhausts from the turbines to the condenser. 

Full Speed. For full speed, the reciprocating engines are disconnected. 
Steam is admitted to the full ahead steam chest of the main ahead turbines. 
Steam exhausts from the turbines to the condensers. 

Backing. When backing, the reciprocating engines are disconnected. 
Steam is shut off from the main ahead turbines and admitted as required to 
the astern turbines, from which it exhausts to the condensers. 

Backing Variation. On the DUNCAN class, the reciprocating engines can 
be used for backing. In this case, the steam from the reciprocating engines 
is exhausted into the astern turbines. 
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TUCKER. The propelling machinery consists of Curtis turbines 
arranged on two shafts, as shown in FIGURE 119. Each main turbine 
includes the ahead turbine and the astern turbine direct connected to the 
propeller shaft. Each propeller shaft has geared to it a cruising turbine by 
means of a clutch and a mechanical reduction gear with reduction ratio of 
7.95 to 1. 

Low Cruisinc Speeds. For speeds of 16 knots and less, the cruising tur- 
bines are connected to the propeller shafts and are used in connection with the 
main ahead turbines. The steam is admitted to the cruising turbines and 
exhausts from them to the main ahead turbines. It exhausts from the main 
ahead turbines to the condensers. 
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FIGURE 119. 

Tucker. 

High Cruising Speed*. For intermediate speeds, the cruising turbines 
are disconnected. Steam is admitted to the main ahead turbines, the speed 
being controlled by the number of nozzles in use in the iirst stiq^. Steam 
exhausts from the main ahead turbines to the condensers. 

Full Speed. For full speed, the cruising turbines are disconnected. 
Steam is admitted to the main ahead turbines, with practically all of the first 
stage nozzles open. Steam exhausts from the main ahead turbines to the 
condensers. 

Backing. When backing, the cruising turbines are not used. Steam may 
be supplied from the main steam-line to either astern turbine as desired. 
Steam is controlled by throttle valves. The exhaust from the astern turbines 
is to the condensers. 



160 



STEAM TURBINES. 



CALDWELL. The propelling machinery consists of Curtis turbines 
mechanically geared to the propeller shafts but with a cruising turbine in- 
stalled for lower speeds as shown in FIGURE 119a. The cruising unit is ar- 




FIGURE 119a. 

Caldwell. 

ranged with a clutch for disconnecting when operating at the higher speeds. 
Each main turbine is contained in one casing and consists of the H. P. tur- 
bine and aft of it, the astern turbine, both in one casing. 

Cruising Speeds. Steam is admitted to the cruising turbine which is con- 
nected to the main turbine shaft by means of a clutch. It flows through this 
turbine and exhausts to the main ahead turbine. Steam then flows through 
the main turbine and exhausts to the condenser. 

High Speeds and Full Speed. For high speeds and full speed, the cruis- 
ing turbine is disconnected by means of the clutch. Steam is admitted to the 




FIGURE 119b. 

McKee. 



forward end of the main turbine, flows through the main turbine, and then 
exhausts to the condenser. Speed is controlled by the number of nozzles used 
in the main turbine. 
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Backing. The cruising turbines are disconnected. Steam is admitted to 
the after end of the astern turbine, flows through this turbine, and then ex- 
hausts to the condenser. 

McKEEl The propelling machinery consists of G. E. Curtis turbines 
mechanically geared to the propeller shafts but with a cruising turbine in- 
stalled for lower speeds as shown in FIGURE 119b. The cruising imit is ar- 
ranged with a clutch for disconnecting when operating at the higher speeds. 
Each main turbine is contained in one casing and consists of the main ahead 
turbine and aft of it the astern turbine, both in one casing. 

Cruising Speeds. Steam is admitted to the cruising turbine which is con- 
nected to the main turbine diaft by means of a clutch. It flows through this 
turbine and exhausts to the main ahead turbine. Steam then flows through 
the main turbine and exhausts to the condenser. 
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FIGURE 119c. 

Lamberton. 



Hi^ Speeils and Full Speed. For high speeds and full speed, the cruis- 
ing turbine is disconnected by means of the clutch. Steam is admitted to the 
fon\'ard end of the main turbine, flows through the main turbine and then 
exhausts to the condenser. Speed is controlled by the number of nozzles used 
in the main turbine. 

Backing. The cruising turbine is disconnected. Steam is admitted to 
the after end of the astern tiu*bine, flows through this turbine, and then ex- 
hausts to the condenser. 

LAMBERTON. The propelling machinery consists of Curtis turbines 
direct connected to the propeller shafts, and at the forward end of the star- 
board propeller shaft is connected a cruising turbine by means of a mechan- 
ical reduction gear and a clutch as shown in FIGURE il9c Each main tur- 
bine is contained in one casing and consists of the main ahead turbine and aft 
of it, the astern turbine, both in one casing. 

Cruising Speed*. Steam is admitted to the cruising turbine which is con- 
nected to the starboard propeller shaft by means of a reduction gear and a 
clutch. Steam flows through this turbine and exhausts to the forward end of 
the port main ahead turbine. Steam then flows through the port main turbine 
and exhausts to the condenser. The starboard main turbine runs idle. 
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High Speed* and FuD Speed. For high speeds and full speeds, the cruis- 
ing turbine is discoimected from the starboard propeller shaft by means of 
the clutch. Steam is admitted to the forward ends of the main turbines, flows 
through the main turbines, and tiien exhausts to the condenser. Speed is con- 
trolled hy the number of nozzles used in the main turbines. 

Backing. The cruising turbine is disconnected. Steam is admitted to 
the after end of the astern turbines, flows through these turbines, and then 
exhausts to the condensers. 

LITTLE. The propelling machinery consists of Curtis turbines mechani- 
cally geared to two propeller shafts. Each propeller shaft is driven through 
gearing by a H. P. and I. P. turbine on one shaft and by one L. P. ahead and 
astern turbine on another shaft, as shown in FIGURE 119d. The astern tur- 
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FIGURE 119d. 

Little. 



bine in each case is in the same casing as the L. P. ahead turbine and forward 
of the L. P. ahead turbine. The reduction gear consists for each propeller 
shaft of the main gear wheel keyed to the propeller shaft, and meshed with the 
main gear wheel on either side, two smaller gear wheels on the two turbine 
shafts. 

Ahead. Steam is admitted to the forward end of the H. P. turbine, flows 
through this tm-bine and exhausts to the forward end of the I. P. turbine. 
After flowing through the I. P. turbine, the steam exhausts to the after end 
of the L. P. ahead turbine, flows through the L. P. turbine and then exhausts 
to the condenser. Speed is controlled by the number of nozzles used in the 
H. P. turbine. 

Backing. Each astern turbine takes steam at its forward end from a 
steam pipe leading from the main steam line and having a throttle valve to 
control the speed. Steam flows through this turbine and then exhausts to the 
condenser. 



CHAPTER XIV. 
TURBINES FOR AUXILIARY MACHINERY. 

t 

Turbines of Small Sizes. Besides the turbines used for the motive power 
of ships, there are several turbines manufactured for the purpose of driving 
generators, forced draft blowers, and centrifugal pimaps. These turbines are 
naturally of small sizes. The nature of the work they perform allows a high 
speed of rotation with a comparatively short steam path. 

Principle Used. The reaction principle is unsuited for small turbines on 
account of the high ratio of blade velocity to steam velocity, and hence the 
large nmnber of stages necessary to reduce the speed sufficiently for direct 
connected units. With increase of stages, tip leakage is abnormally increased. 
A large number of stages increases friction losses and tip leakage with con- 
sequent decrease in efficiency. Other disadvantages of the reaction principle 
are the difficulty of providing for partial admission of steam with economy 
of operation at speeds lower than the designed full speed, the necessity for 
short blades in the H. P. stag^, which makes tip leakage account for a large 
proportion of the high-pressure steam, and the necessity of admitting high- 
pressure steam into contact with the rotating parts and lie casing. 

The impulse t\u*bine has a blade speed of about one half the steam speed, 
therefore initially the blade speed is less than in a reaction turbine and mate- 
rials can be manufactured that will not rupture with the speeds obtained. If 
lower speeds are desired, it is not necessary to increase the number of pressure 
stages to the same extent as in a reaction turbine. Hence the steam flows over 
less surface and friction losses are less in the impulse turbine than in the re- 
action turbine. As pressures are equal in any one pressure stage of an im- 
pulse tiirbine, there is no loss from tip leakage. As steam admission to the 
impulse turbine can be made to extend only partially around the blade periph- 
ery, the blades may be designed to be of such heights as are the most effi- 
cient and losses due to short blades are reduced. Speed reduction may be 
gotten in the impulse turbine by regulating the number of nozzles in use with- 
out reduction of steam pressure in the steam chest and without material loss 
in efficiency in the first stages of the turbine. As there is a big drop in pres- 
sure through the first stage nozzles, high pressure steam comes in contact only 
with the walls of the steam chest in an impulse turbine and does not come in 
contact with the rotating parts and the casing, thus reducing the liability to 
distortion of these parts due to the high temperatures. 

The impulse turbine is therefore used for small imits. Velocity com- 
poimding in one stage, and velocity and pressure compounding are the prin- 
ciples used. 

Brief descriptions will be given of the auxiliary turbines foimd in the 
U. S. Navy. The identifying names are necessarily those of the manufac- 
tiu-ers of the various turbines used, though the impulse principle is used in all 
the imits .described. 
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Paht I. 
DE LAVAL TURBINES. 

Velod^ Compounded Turbbie. This turbine is manufactured by the 
De Laval Steam Turbine Company. Minor Tariatioos in construction result 
from the purpose for which the turbine is to be used. 

A cross-section of the turbine is ehown in FIGURE 120. The mechanical 
parts are the casing to which the nozzles and guide blades are attached, the 
rotor which is made up of three Telocity wheels to which the moving blades are 
attached, the wheels which are secured to the shaft, the shaft which is supported 
by bearings at either end of the turbine, the adjusting block which is attached 
to the casing for fixing the plane of rotation of the moving blades, the shaft 










FIGURE 120. 

De Laval Velocity Compounded Turbine. 

oouplJi^ whidi couples the rotor to the machine to be driven, the shaft glands 
which prevent steam leakage where the shaft passes through the casing, and 
the governor which controls the steam admission and hence ihe speed of the 
rotor. 

The method of attaching the wheels to the shaft is shown in FIGURE 121. 
Each wheel is secured to the shaft by a Woodruff key. The wheels are spaced 
and centered by rings. The complete set of wheels and rings is held in place 
on the shaft by a heavy nut 

A cross-section of the wheels through guide blades and nozzles is shown 
in FIGURE 122. The wheels are encased in a steel retaining ring which sur- 
rounds the wheels and to which the guide blades are attached. 



TURBINES POE AUXILIARY MACHINERY. 



163 




FIGURE 121. 

Method of Attaching "Wheels. 



Retal^l.g rt^g .pCasi^g 
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FIGURE 122. 

Sectioii Through Blades. 
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The arrangement of nozzles and blades is shown in diagram in FIGURE 
123. Only two rows of moving blades and one row of guide blades are shown. 
The steam is fii'st completely expanded from initial to exhaust pressure in a 
single set of nozzles (see also FIGURE 120). The jet of steam is directed by 
the nozzles against the first row of moving blades, from which it is deflected 
from its original direction into a row of guide buckets which again change its 




FIGURE 123. 

Arrangement of Nozzle and Blading. 

direction and discharge it against a second row of moving blades. From the 
second row of moving blades, the steam is deflected from its original direction 
into a second row of guide buckets. This second row of guide buckets directs 
the steam against a third row of moWng blades. From the third row of moving 
blades, the steam passes to the space inside the casing and then to the exhaust. 
The pressure from the time the steam leaves the nozzles until exit from the 
turbine is practically constant and equal to the exhaust pressure. The absolute 
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velocity at exit from the last row of moving blades, where three tows of 
moving blades are used, is approximately equal to the nozzle exit velocity less 
six times the blade velocity. 

Since the steam is expanded completely &om initial pressure to terminal 
pressure in the one set of nozzles of a velocity stage, no parts of the casing 
except the steam chest, and no rotating parts, are subjected to steam at tem- 
peratures higher than that corresponding to the exhaust pressure. This 
results in freedom from distortion, and hence an absence of vibration. 




FIGUX^E 124. 

Types of De Laval Nozzles. 

The nozzles employed are solid bronze castings, in which the steam orifice 
is carefully bored and reamed to the shape necessary to secure the desired 
ratio of expansion and the delivery of the steam jet free from turbulence and 
having all elements truly parallel. These nozzles communicate with a steam 
chest cored in the wall of the casing, and are held in place by nuts and are 
sealed by copper gaskets. They are easily removed if it is ever desired to 
replace them, as in case the turbine is to be operated under steam conditions 
entirely different from those for which it was originally designed. Nozzles 
for different ratios of expansion are shown in FIGURE 124. 
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Plwuure Compounded Turbinei. The general arrangement of this tur- 
bine is shown in FIGURE 125. It is manufactured by the De Laval Steam 
Turbine Company. The mechanical parts of the turbine are the casing, the 
steel retaining rings enclosing the wheels, the wheels mounted on the shaft, 
the diaphragms separating the several stages, the bearings supporting the 
shaft at both ends of the casing, the adjusting block which controls the position 
of the wheels relative to the nozzles, the moving blades mounted on the wheels, 
the nozzles which are built as a part of the diaphragms, the shaft glands, the 
bushings attached to the diaphragms to prevent steam leakage from stage to 
stage around the shaft, and the governor for regulating steam admission to * 
the steam chest. 




FIGURE 126. 

Be Laval Pressure Compounded Turbine. 



The rotor is built up of a number of wheels mounted on a shaft, one wheel 
for each pressure stage. The wheels are attached to the shaft, as shown in 
FIGURE 126. Tapered sleeves are fitted and keyed to the shaft against a 
shoulder on the shaft. The wheels are then forced on the sleeve by means of 
a nut, and are held from rotating on the shaft by keys. 

FIGURE 126 also shows the method of steam packing the diaphragms 
around the shaft by means of steel bushings in which are fitted packing rings. 

Each pressure stage consists of a row of stationary nozzles through which 
steam is expanded, and a row of moving blades attached to a wheeL The 
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FIGUKE 136. 

General Electric CurtiB Tuibine. 







figure: 136. 

General Electric Curtifi Turbine. 
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Two Stage Velocity Compounded Turbine. This turbine is manufa 
tured by the General Electric Company. It is a Curtis turbine with two pw 
sure stages, each Telocity compounded three times. The action of the stea 
in each pressure stage is the same as described above for one stage. FIGUF 
138 shows the cross-section of a turbine for a 300-KW. generator. 
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Fiain«E 138. 

General Electric Curtis Turbine. 




FIGURE 139. 

General Electric Curtis Turbine. 



FIGURE 138« shows the passage of steam through a two pressure st« 
General Electric Curtis turbine, in which each stage is Telocity compounc 
twice. The action of the steam through each pressure stage is *he same 
described above for the single pressure stage of the turtiiues shown 
FIGURES 135 and 136. 
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IVennrB Velocity Co mp cwmded Turbine. This turbine is manufactured 
hy the General Elecbrie Company. It is a Curtis turbine with three pressure 
stages. The first presBure stage is Telodty compounded twice. FIGURE 139 
dkowB the GTOSB-Beetion of this turbine connected throu^ reduction gear to a 
300-KW. generator. The mechanical parts are the casing, guide blades 
secured to the inner surface of the casing, nozzles for the first stage in segment 




FIGURE 138a. 

form secured to the casing head, nozzles for the second pressure stage secured 
to the first diaphragm, nozzles for the third pressure stage cast as a part of the 
second diaphragm, diaphragms between the first and second and between the 
second and third pressure stages with bushings surrounding the shaft to pre- 
■yent steam leakage from one pressure stage to the next, wheels ^3."^^ -^V'f^^ 
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are secured the moving blades, and shaft glands around the shaft wher 
goes through the casing heads. 

The dii^;ranimatic arrangement of nozzles and moving and station 
blades is shown in FIGURE 140. The steam enters at A from the steam p 
passes into the ateam chest B, and then through one or more open valves to 
bowls C The number of valves open depends on the load, and their actio: 
controlled by the governor. From the bowls C, the steam expands thro 
divei^ent nozzles D, entering the first row of revolving buckets of the i 
stage at E, thence passing through the stationary buckets G which reverse 
direction and dischai^ it against the second row of revolving buckets H. G 
constitutes the performance of the steam in tiie first stage, or pressure ch. 




FIGURE 140. 

Diagrammatic Arrangement of Moving and Stationary Elements 
of Curtis Turbine Shown in Mgure 139. 



ber. Having entered the first row of buckets at E with relatively high veloc 
the steam leaves the last row H with a relatively low velocity, its ene 
between the limits of inlet and discharge pressure having been abstracted 
passing from C to R It has, however, a large amount of unexpended enei 
since the expansion from C to E has covered only a part of the available p: 
sore range. The expansion process is, tiierefore, repeated in a second stj 
The steam having left the buckets H, and having had its velocity gre: 
reduced, reaches a second series of bowls J, opening upon a second series 
nozzles K. Through these the steam expands again from the first stage p: 
sure to some lower pressure, again acquiring relatively high velocity in 
expansion throi^ these nozzles, leaving them at L and impinging upon : 
passing through tiie moving buckets M. This process is repeated in the tl; 
stage nozzles N, and so on through the remaining stages, if any. 
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Steam is expanded to exhaust pressure in the nozzles and attains a high 
ocity upon exit from the nozzles. It impinges against the blades of the 
:or, is reversed by them in direction, and is then discharged into the first guide 
sket. This guide bucket reverses the steam to its original direction and 
charges it against the next bucket. This process continues until the steam 

Kmk 

Rcrert 




FIGURE 150. 

Sturtevant Turbine. 




FIGURE 151. 

Sturtevant Nozzle and Reversing Block. 

a?Iy discharges from moving buckets clear of the last guide bucket. The 
eet is a reduction of velocity of the steam as the steam flows from nozzle 
it to the chamber surrounding the rotor. Velocity is extracted by the rotor 
each passage through a moving and fixed bucket. The nozzle and guide 
ckets shown in FIGURE 151 would be the equivalent of one pressure stage 
locity compounded five times. 
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Part VI. 
TERRY TURBINES. 

Terry Velocity Compounded Single Stage Turbine. This turbine is mann 
factured by the Terry Steam Turbine Company. It is an impulse turbine 
The rotor and buckets are similar to those of the Sturtevant turbine, but th 
method of seeuriug the nozzles and guide buckets differs slightly. The nozzh 
is attached to the head of the casing, and the reversing chamber is attached 
flanges projecting inward from the casing. 

The principle of operation is shown in FIGURE 152. Steam is brought 
to the nozzle under control of the governor and is expanded through the nozzle 




FIGURE 152. 

Terry Nozzle and Reversing 



FIGURE 153. 

Terry Velocity Compounded Pressure 
Staged Turbine. 



which directs the steam into the bucket near the side of the wheel. Thi 
moving buckets change the direction of flow of the steam. Guide buckets an 
used to redirect the steam against succeeding buckets, as in the Sturtevant 
turbine. 

The Terry Steam Turbine Company also manufactures a turbine with 
velocity wheel as described above, followed by several pressure stages, 
with onlv one row of moving blades. A cross-section of this turbine is shovi 
in FIGURE 1S3. 



CHAPTER XV. 
LUBRICATION. 

Theory. The theory of lubrication is that a fihn of oil is interposed 
between the journal and bearing, completely separating the two. The friction 
is then reduced from that due to a solid rubbing on a solid to the friction of 
the lubricating substance. By the separation of the journal from the bearing, 
friction between the two is practically eliminated, and wear and abrasion are 
reduced to a miniTnuTn. The absence of wear and abrasion means a reduction 
of heat generated in the bearing and the elimination of ^^ hot bearings." In a 
bearing that is heated, due to an insufficient supply of lubricant, the journal 
will tear the surface of the bearing and heating may be so rapid as to melt 
the anti-friction metal with which the bearing is lined. 

Requirements. To obtain proper lubrication, the following requirements 
are necessary: 

1. The use of a high-grade lubricant. 

2. The lubricant must be free from grit, acid, and other foreign 
substances. 

3. The supply of lubricant must be abundant at all times. 

4. The introduction of the lubricant to the bearing surfaces must be 
at the point of lowest pressure. 

5. The bearing must be of slightly greater diameter than that of the 
journal, to allow the journal to carry the lubricant between the rubbing 
surfaces. 

6. Bearings must be properly aligned and carefully fitted. 

Lubricant Used. The lubricant used for turbine bearings in the U. S. 
Navy is a high-grade pure mineral oil free from grit, water, and acid. 
Mineral oil is used because it can be readily separated from water, filtered, 
and used over again. An oil containing vegetable or animal oil saponifies 
when mixed with water or steam and cannot for this reason be used more 
than once. 

Turbine Lubrication. For steam turbines, it is absolutely essential that 
the bearings be properly lubricated to reduce wear of the bearings and to 
insure that the turbines may be depended upon when running. Beliability of 
operation for the propelling machinery is an absolute necessity on^a man-of- 
war to insure that it maintain its place on the firing-line. Reduction in wear 
of bearings means a reduction in the cost of overhaul and a reduction in time 
taken to adjust clearances in those turbines where tip clearance is an important 
matter. The rapid wear of bearings will cause the rotor to settle with an 
increase of tip clearance at the top of the turbine and a decrease in tip clear- 
ance at the bottom of the turbine. The heating and melting of bearings while 
the turbine is running may cause the tips of the blades to touch the casing to 
such an extent as to cause stripping of the blades. 
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Forced Lubrication. To insiire reliability of running, forced lubrication 
is used on marine turbines. The oil is supplied to all bearings under a pres- 
sure of from five to ten pounds per square inch at the bearings by pumps 
installed for the purpose. The bearings are closed as completely as possible 
to prevent loss of oil, and each bearing is provided with a chamber beneath 
the bearing into which the oil may drain after being used. From the drain 
chambers of all bearings closed drains are led to a drain tank which collects 
the oil for further use. 

Forced lubrication is used for all bearings and thrust bearings of the pro- 
pelling turbines, for gear bearings, gear teeth, and the bearings of main 
circulating pumps. 

For the ordinary type of cylindrical bearing, the oil is led through the 
bearing at several points to the space between the journal and the bearing 
surface and distributed by suitably cut oil grooves in the bearing surface, in 
order that it will come in contact with the entire length of the journal surface. 
The journal, by virtue of its revolving motion and of the adhesion of the oil 
to its surface, will carry the oil around with it and maintain the oil film as 
long as the supply of oil is abundant. The oil will run out of the off-side of 
the bearing and from the ends of the bearing. To prevent oil from flowing 
through the bearing casing and into the turbine, oil guards are fitted to the 
bearings. The Parsons type of guard as fitted on the ARIZONA is shown in 
FIGURE 154. The Curtis type of guard as fitted on the NEVADA is shown 
in FIGURE 155. The tendency of the oil to fiow to the parts of the shaft of 
greatest diameter is taken advantage of to prevent the oil from creeping along 
the shaft. When enough oil collects on the surface or edge of greatest diameter, 
due to centrifugal action, its weight causes the centrifugal force to become 
great enough to overcome the adhesion of the oil to the shaft and tJie oil is 
released from the shaft and discharged against the inner surface of the bear- 
ing casing from which it drains to the chamber beneath the bearing. 

The supply pipe to a bearing may be fitted with a sight feed glass and a 
pet cock, in order that frequent inspections may be made to insure that the 
bearing is getting its proper supply of oil. Thermometers are fitted to large 
bearings to keep the engine-room watch informed as to the temperature of oil 
discharge from the bearings while the turbines are running. Pressure gages 
are sometipies fitted on the oil supply pipes, but are not as reliable for testing 
for oil supply as sight feed glasses. 




FIGURE 164. 

Oil Guards — ^Arizona. 





FZGURE 166. 

Oil Giiardfl— Nevada. 
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Thrust bearings of the Parsons type and of the horse-shoe type are lubri- 
cated by forcing the oil through the thrust blocks to the inner edge of the 
bearing" surf ace, as shown in FIGURE 156. The oil discharges into the space 




FIGURE 156. 

Oil Supply to Thrust Bearing. 

between the thioist block and the thrust collar. It is carried around with the 
thrust collar and works towards the outer edge of the thrust collar. From 
this edge it is thrown against the thrust bearing casing and flows to the drain 
chamber beneath the bearing. 



190 STEAM TURBINES. 

Small sized cylindrical bearings on turbines for auxiliary machinery may 
be lubricated with ring lubrication. This system is illustrated in FIGURE 157. 
Beneath the bearing is an oil reservoir. A ring larger in diameter than the 
diameter of the journal is hung on the top of the journal and pressed against 
the journal by means of a spring. This ring revolves with the journal and 
through the oil in the reservoir. It picks up the oil and carries it to the top 
of the journal where it is wiped or scraped off the ring by a stationary wiper. 
It then flows by suitable grooves to tlie journal surface and is carried in 
between the journal and bearing. After being used on the bearing surfaces, 
the oil flows to the reservoir. 

The lubrication of gear teeth is accomplished by spraying the oil on the 
teeth just before the teeth come in contact with each other. Several sprays 
or nozzles are used for large gear-wheels. The oil nozzles used on the 




FIGURE 157. 

Ring Lubrication. 

WADSWORTH'S gears is shown in FIGURE 158. Each nozzle may be 
removed independently for inspection for clogging by closing the oil valve 
on the casing, coming up on the screw of the yoke, and turning the yoke to 
one side. The nozzle 2 may be removed and the nozzle tip 3 may be xmscrewed 
and inspected. 

NEVADA'S System (FIGURE 159). The NEVADA'S forced lubrication 
system is a type installation for large ships. For each of the port and star- 
board turbine installations is a 1000-gallon storage tank, a 250-gallon drain 
tank, a 275-gallon settling tank, an oil cooler, and two oil pumps. The piuups 
are installed so that both pumps can perform the same functions, and the 
lubrication sj'stem is cross-connected through the center-line bulkhead to allow 
the pumps in either room to draw oil from or discharge oil to the settling tanks 
in both engine-rooms. 

Each storage tank has a pipe to the deck for filling. Oil flows from the 
storage tank by gravity to the suction of one of the pumps until the system is 
filled to capacity. This method is used to supply additional or new oil to the 
system at any time. The pimip suction also receives oil from the settling 
tank while the system is in operation. It discharges this oil through the oU 



FIGURE 158. 

Oil Nozzle for Qearing. 
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cooler to the bearings and gearing through branch pipes. The oil drains from 
the bearings and gearing to the drain chambers beneath them, and then 
through drain pipes to the drain tank. 

The other pump takes oil from the drain tank and discharges it to the 
settling tank. In the settling tank, the sediment falls to the bottom of the tank 
and the water and oil are allowed to separate. Water enters the bearings and 
gets mixed with the oil from the shaft glands and from any leakage from the 
salt water circulating through the bearing caps. To separate the oil and water, 
a steam coil is installed in the settling tank, and one may be installed in the 
drain tank. In order to obtain a rapid settling out of the water, the oil from 
the bearings may be heated for a considerable period at a temperature as 
high as 200° F. without material harm to the oil. The presence of water in oil 
in contact with* a bearing and journal is harmful under any conditions. Its 
presence will increase friction, reduce the ability of the oil to form and main- 
tain the oil film, and corrode the journals. 

A simple method of testing oil for water is to draw into a test tube a small 
quantity of the oil to be tested. Mix with this sample an equal quantity of 
gasolene. Shake the mixture thoroughly and allow to stand. The water wiU 
settle to the bottom of the test tube. If a graduated tube is used, and the 
amount of the sample and the amount of the gasolene measured, the amoimt 
of water may be measured and the percentage of water in the oil readily 
determined. 

The oil is reduced in temperature in the cooler by circulating salt water 
through a coil in the cooler. This water is supplied by an oil cooler circulating 
pump on each side of the ship. 

The fimctions of the two oil pmnps may be summarized as follows when 
the system is in use: 

Suction. Discharge. 

Pump A From storage tank Through cooler to bearings. 

From starboard or port set- Direct to bearings (cooler is by* 
tling tank. passed). 

Pump B . . . JProm drain tank To starboard or port settling 

tank. 

There is a drain from the oil settling tank to the bilge for draining off 
water from this tank. The height of the water is indicated in a gage glass 
attached to the settling tank. A drain leads from the bottom of the storage 
tank to a drip-pan for supplying oil for oil-cans for hand oiling of such 
machinery as is not fitted with forced lubrication. 

Oil may be taken by either pump from the drain tank and discharged 
through the cooler to the bearings and gearing. 

The supply pipes to bearings and gearing and the pump suctions are 
fitted with strainers to prevent any solid matter being carried by the oil to 
the bearings. 

The drain tank is installed sufficiently below the turbines to allow oil to 
run freely from all bearings and the gear box to the drain tank. 



192 STEAM TURBINES. 



CONYNGHAM'S System (FIGURE 160). The CONYNGHAM'S forced 
lubrication system is a type installation for destroyers. There is one 500-gallon 
storage tank, one 50-gallon storage tank, one 200-gallon drain tank, two 200- 
gallon settling tanks, an oil cooler, and two oil pumps. The circulation of oil 
for the entire turbine installation is accomplished by the two pxunps. The 
piunps are installed so that both piunps can perform the same functions. 

Each storage tank has a pipe running to the deck for filling. Oil flows 
from the large storage tank by gravity to the suction common to both pimips. 
This method is used to supply additional or new oil to the system at any time. 
Both piunps have a common suction from the drain tank, a common discharge 
to the settling tanks, and a common discharge through the cooler to the bear- 
ings and gearing. 

With one piunp in operation, oil is taken by the pump from the drain 
tank and discharged through the cooler to the bearings and gearing. The oil, 
after running from the bearings and gearing, drains to the drain chambers 
beneath them and then through drain pipes to the drain tank. 

Whenever the oil becomes thick it may be removed from the system by 
the second piunp and discharged to one of the settling tanks. When not under 
way, the drain tank may be emptied by either pmnp and the oil discharged 
to one of the settling tanks. Great care must be exercised to prevent the 
drain-tank suction of the pump operating on the bearings from be.coming 
imcovered. When oil is removed from the system to one settling tank, new 
oil may be supplied from the storage tank, or the oil in the second settling tank 
may be run by gravity to the drain tank. Or, when under way, oil may be 
piunped by both piunps from the drain tank, the after pump discharging 
through the cooler to the bearings and gearing and the forward pump dis- 
charging to one of the settling tanks. In this case the bottom drain from the 
settling tank is closed and the overflow pipe from the settling tank to the 
drain tank opened. Thick oil will go to the bottom of the settling tank and 
the thinner oil will flow to the drain tank from the top of the settling tank 
through the settling tank overflow pipe. 

There is a drain from each of the settling tanks and from the drain tank 
to the bilge for draining off water from these tanks. The height of water is 
indicated by gage glasses attached to the tanks. A drain leads from the bottom 
of the 50-gallon storage tank to a drip-pan for supplying oil for oil-cans for 
hand oiling of such machinery as is not fitted with forced lubrication. 

The supply pipes to bearings and gearing, and the pump suctions are 
fitted with strainers to prevent any solid matter being carried by the oil to the 
bearings. 

The drain tank is installed sufficientlv below the turbines to allow oil to 
run freely from all bearings and gear box to the drain tank. 
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CHAPTER XVI. 

INSTRUCTIONS FOR THE CARE AND OPERATION OF PARSONS 

TURBINES.* 

The following instructions are issued with a view to affording assistance 
to those in charge of turbine machinery of the Parsons marine type, and have 
been compiled to cover two-, three-, and four-shaft arrangements and installa- 
tions with or without cruising turbines: 

Divisions imder the following headings are given, viz. : 

A. Forced Lubrication. 

B. Warming Up. 

0. Maneuvering. 

D. Full Power. 

E. Cruising. 

F. Gland Arrangement. 

G. Closing Down. 
H. General. 

1. Adjusting Turbines. 

J. Opening Out Turbines for Inspection. 

K. Glaring. 
The letters H. P. refer to Main High-Pressure Turbine. 
The letters I. P. refer to Intermediate-Pressure Turbine. 
The letters L. P. refer to Low-Pressure and Astern Turbine. 
The letters H. P. A. refer to High-Pressure Astern Turbine. 
The letters H. P. C. refer to High-Pressure Cruising Turbine. 
The letters I. P. C. refer to Intermediate-Pressure Cruising Turbine. 

A. FORCED LUBRICATION. 

Before Opening Any Steam Connections to the Turbines: 

" "" " ' . - . « necessary 



being opened) and the system examined to ensure that oil is flowing freely 
through all turbine bearings and adjusting blocks (and also through all 
line-shaft bearings, where these are fitted with forced lubrication). 

2. The discharge at the oil piunps should be regulated so that a pres- 
sure between five and ten poimds is obtained at the turbine bearings and 
adjusting blocks. Pressure gages are usually provided in connection with 
the bearings and adjusting blocks for this purpose. 

fore Starting the Oil Pumps: 

1. Ensure the absence of water in the oil drain tank by opening the 
drain cock, or by pumping from the bottom of the tank by the hand piunp, 
according to the provision made for this purpose. 

Opportimity should be taken to occasionally repeat this opera- 
tion, so that in the event of water collecting it may not be allowed to 
accimiulate beyond the height of the oil suction-pipe of the drain tank. 

» The Parsons Marine Steam Turbine Company, Ltd., 97 Cedar Street, New York, N. T. 
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2. Sound the oil drain tank to see that the supply of oil is sufficient 
for the system, and after the system has been charged sound the tank 
again to ensure that there is still sufficient oil in the tank ; when necessary, 
replenish from the reserve tank. 

3. Open by-pass valve to prevent oil flowing through cooler. (Diffi- 
culty is experienced in forcing cold oil through coolers, when latter are 
fitted with retarders.) 

4. Try the sea water service piunp (to cooler) imder steam. 

After Startiiig Oil Pumps: 

1. Examine drain tank again and recharge from reserve tank if 
necessary. 

2. See that the above-mentioned oil pressure is maintained at the 
bearings. 

3. When oil temperature reaches about 90°F., dose by-pass and dis- 
charge oil through coolers. 

When Under Way: 

1. Start sea water circulating piunp to cooler. 

2. Ensure that a pressure of about 10 poimds is maintained in the 
oil system to bearings. 

3. Test cocks or sight holes (as fitted) should be examined frequently 
to ascertain that the oil is fiowing freely through each bearing. 

4. Thermometers are frequently fitted to the ** turbine bearings,'' 
and the temperature of the oil leaving the bearings and adjusting blocks 
should be regularly noted. 

5. The strainers should be frequently overhauled and cleaned out 

6. The quantity of oil in the drain tank should be noted at regular 
periods, to ensure ^at there is no loss of oil through leakages. 

Aher Steaming: 

1. When the oil has settled, a quantity should be drawn from bottom 
of the drain for examination and all oil which has become thick should 
be removed. 

2. Many turbines are built with oil drain wells at bearing ends and 
it is advisable to regularly examine these wells and remove all dirt and 
sediment. 

B. WARMING UP. 

Before Turning on Steam to Warm Up the Turbines Ensure That: 

1. Turning gear is withdrawn and secured out of gear. 

2. All drain valves and cocks in connection with the turbines are 
open, except the air-piunp drain to bilge, which must be closed, 

3. Self-closing valves between turbine casings are free to open. 

4. All main, cruising, and maneuvering steam regulating valves are 
dosed. 

5. An air-pump and a circulating pump are working in connection 
with each casing. Vacuiun in condensers not to exceed five inches. 

6. Where an oil cooler is fitted, the circulating water should be sjiut 
off after being tried, so that, when warming up, the heat may not 
be extracted from the casings by the cool oil circulating through the 
bearings. 
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7. Ease off their faces the self-closmg valves and regulating valves 
necessary to allow steam to flow through the series of ahead and astern 
turbines to the condensers. Turn steam on to the gland system and 
thereby assist the heating of the ends of the turbines. 

A special steam heating arrangement is sometimes provided in 
large vessels, and the turbines may be heated up by these con- 
nections (where fitted) instead of using the main regulating valves. 
These connections are usually embodied in the turbine gland steam 
arrangement. 

In Large Installations: 

After this has been carried on for one-half hour, shut off steam 
and turn each rotor one-quarter of turn either way with jacking 
gear or mechanical turning gear; then open steam valves again. 
In another 15 minutes time, steam should be shut off and rotors again 
turned one-quarter of turn. This method should be carried out imtil 
rotors have completed three turns. This will occupy about three 
hours, and by that time the turbines will be fairly well warmed. 

The engineer in charge should now decide whether it is advisable 
to try and start the turbines with their own steam or carry out the 
warming-up process for another hour. 

Care should be taken when rotors are being jacked over to sound 
the turbines and see if the rotors are moving freely. Another method 
is to have in the first place plenty of steam on the gland system, then 
allow a large volmne of low-pressure steam to flow into liie turbines 
both ahead and astern, keep the vacuiun very low and only sufficient 
to keep the turbines clear of water and allow this to go on for three 
hours, then shut off steam, jack over each turbine, and at same time 
** sound '' to see that rotor is running freely. If running freely, jack 
over one-half turn and allow steam to flow for one-half hour. Finally, 
jack over one-quarter turn every 10 minutes and allow vacuum to 
increase to 15 inches, and try turning the turbines under their own 
steam pressure alternately in ahead and astern directions. 

8. Where slide, piston, or other types of maneuvering valves are 
fitted, for supplying steam to the L. P. and astern casings, the direction 
of the flow of steam should be frequently reversed. 

9. After the engineer in charge is satisfled that all the turbines are 
sufficiently warmed, and the usual precautions have been taken to see 
that all is dear, the rotors should be given a few turns ahead and astern 
imder steam as in the usual procedure with reciprocating engines. 

10. In some vessels a small by-pass valve has been arranged in order 
that, when running continuously ahead and maneuvering operations are 
anticipated, the astern casings may be warmed up a little, tiius relieving 
t^ese casings of any racking expansion strains due to the sudden admis- 
sion of high-pressure steam. 

11. Open steam valve connections to all steam packed expansion joint 
glands on pipes connected to turbines. 

12. After warming-up is completed and when staiiding by, waiting for 
orders, it is advisable to give the rotors a few turns every five minutes. 

14 
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C. MANEUVERING. 

On Receipt of Orders to Stand By for Leaving Anchorage, Etc: 

1. See that all necessary auxiliaries (oil, air, and circulating pumps) 
are working satisfactorily and at least 25 inches vacuum in condensers. 

2. See that the ahead and astern maneuvering or regulating valves 
are closed, or in mid-position (according to the type fitted), and that the 
master v^ves (where fitted) which supply steam to them are full open. 

3. Ensure that all self-closing valves (where fitted) between the tur- 
bines are on their seats, and that all drain valves on the turbines, pipes, 
and fittings are open and remain so during maneuvering operations. 

4. When maneuvering it is a good plan to bring the rotors to rest 
(after receipt of ** stop *' or telegraph) when moving in ahead direction 
by admitting steam to the astern turbines. In this way the astern turbine 
casings and rotors can be kept in warm condition. 

D. MAIN TURBINES, OR FULL POWER. 

Before changing from maneuvering to the main turbines, warm up the 
H. P. turbine as follows (while the other turbines are being used for 
maneuvering) : 

1. Open drains on H. P. master and regulating valves and on all 
pipes, etc., leading to the H. P. turbine. 

2. Open H. P. master valve (if fitted) and ease off regulating valve 
to admit warming steam. 

To Change Over to Main Turbines: 

3. Open ahead maneuvering valves to keep ship imder way until 
H. P. ahead turbine is warmed. 

4. Continue warming H. P. turbine by increasing amount of warming 
steam imtil five poimds pressure in the turbine is reached, which pressure 
may then be raised by successive increments of five pounds until it reaches 
that which obtains in the H. P. exhaust pipes when running full ahead, 
t. e., that which will obtain in the L. P. turbine belt after the change is 
completed. 

(These operations should occupy at least 15 minutes.) 

5. See that all self-closing valves in cruising exhaust pipes are closed 
and that those in H. P. exhaust pipe are free to open. 

6. The change over can now be made by closing maneuvering valve 
imtil the pressure at L. P. turbines is reduced to that in H. P. exhaust 
and then gradually opening H. P. regulating valve and simultaneously 
closing maneuvering valve until the latter is completely closed. The pres- 
sure in the L. P. turbine steam belt should be kept constant during the 
change over. 

7. See that self-closing valves in H. P. exhaust pipes (if fitted) have 

opened. 

8. After a little time to drain off water from casings has been 
allowed, close down drains on the running turbines. 

9. Leave open drains on aU driven turbines, such as cruising and 
astern, and special attention should be paid to read pressure gages of aU 
turbines running idle in vacuum. 
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I 

E. CRUISING. 

1. Main to Cruising Turbine (Where One Cruising Turbine is Fitted). 

Before making this change, the cruising turbine should be warmed for at least 
15 minutes before it is brought into operation. During this time the admission 
of warming steam should be gradually increased, the warming may be carried 
on before steam to main turbines is shut off, as follows: 

(a) Reduce pressure at H. P. tiu'bine to that obtaining in cruising 
turbine exhaust pipe when running under cruising conditions, t. e., that 
which will obtain at the H. P. turbine steam belt after the change over. 

(b) Open drains on cruising master or regulating valve and all pipes, 
etc., connected to the cruising tm^bine. 

(c) Ensure that self-closing valve in cruising exhaust pipe is free 
to open. 

(d) Open cruising master valve (if fitted) and ease off regulating 
valve to admit a slight amoimt of warming steam which should be gradu- 
ally increased until five poimds pressure is obtained in the cruising tur- 
bine. This pressure should then be increased by successive increments 
of five pounds imtil it reaches that of the H. P. turbine. 

(These warming operations should occupy not less than 15 minutes.) 

(e) The change over can now be made by gradually opening cruising 
regulating valve and simultaneously closing H. P. valve. 

(f) Ensure that self-closing valve in cruising exhaust pipe has 
opened. 

(g) Close down H. P. master valve. 

(h) After allowing time to drain off all water in the cruising system, 
close drains on casings, valves, pipes, etc. 

2. Main to H. P. C Turbine (Where an I. P. C. Turbine is Ako Fitted) : 

(a) Reduce pressure at H. P. turbine to that obtaining in I. P. C. 
turbine exhaust pipes when running with steam on H. P. C. turbine, t. e., 
that which will obtain at the H. P. turbine steam belt after the change 
over. 

(b) Open drains on H. P. C. master or regulating valves and all 
pipes, etc., connected to the H. P. C. turbine. 

(c) Ensure that self-closing valves in H. P. C. and I. P. C. exhaust 
pipes are free to open. 

(d) Open H. P. C. master valve (if fitted) and ease off H. P. C. 
regulating valve to admit a slight amoimt of warming steam to H. P. C. 
and I. P. C. turbines. This amount should be gradually increased imtil 
five pounds pressure is obtained in the cruising turbines, after which it 
should be increased by successive increments of five pounds imtil it reaches 
that of the H. P. turbine. 

(These warming operations should occupy not less than 15 minutes.) 

(e) If cruising turbine regulator valves are fitted with by-passes, 
then warming up can be carried out by opening them in place of the 
regulator valves. 

(f ) The change over can now be made by gradually opening H. P. C. 
regulating valve and simultaneously closing H. P. valve. 
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(g) Ensure that self-closing valves in H. P, C. and L P. €• exhaust 
pipes have opened. 

(h) Close down H. P. master valve. 

(i) After allowing time to drain off all water in the cruising system, 
close drains on H. P. C. and I. P. 0. casings, valves, pipes, etc. 



3. Main to L P. C Turbine (Directly). Proceed as in clause 1 for a 
single cruising turbine, taking care that : 

(a) The self-closing valve in the H. P. C. turbine exhaust pipe is 
closed. 

(b) H. P. C. casing drain is left open (see D, paragraph 9). 

4. I. P. C to H. P. C Proceed as in clause 1 treating the H. P. C. and 
I. P. C. turbines of this case respectively in the same manner as the cruising 
and H. P. turbines in clause 1. 

5. H. P. C to L P. C. : 

(a) Open H. P. C. casing drain (see D, paragraph 9). 

(b) Close down H. P. C. regulating valve gradually, simultaneously 
opening I. P. C. regulating valve imtil the change over is completed. 

(c) See that self-closing valve in H. P. C. exhaust pipe is on its seat. 

6. Cruising to Main: 

(a) Open all cruising casing drains (see D, paragraph 9). 

(b) Close down cruising regulating valve gradually, simultaneously 
opening H. P. regulating valve until the change over is completed. 

(c) See that self-closing valves between cruising and main turbines 
are on their seats. 

7. Main or Cruising to Maneuvering (When Maneuvering is Anticipated) : 

(a) Excepting cases of emergency, warm up the astern turbines and 
pipe connections for at least 15 minutes before bringing them into opera- 
tion, gradually increasing the admission of warming steam without appre- 
ciably decreasing the revolutions of the ahead rotors. 

(b) Open drain valves on all turbines, fittings, pipes, etc. (These 
should be left open during maneuvering operations.) 

P. TURBINE GLAND ARRANGEMENT. 

When Getting Under Way: 

1. The air and circulating pumps having been started, and, conse- 
quently, a vacuiun formed in the condensers and throughout the turbines, 
steam must be supplied to the glands of all turbines. Then, as the steam 
supply to the turbines is gradually increased, the steam supply to the 
glands will require reducing or increasing to suit the internal pressure 
above or below atmosphere at which the various turbines are exhausting, 
and the gland leak-ofE connections opened and regulated as required. 

Principle of the Turbine Glands: 

1. The glands on the turbines are steam packed and are designed to 
obtain a gradual fall or rise in pressure from the inner or steam end to 
the outer or atmospheric end of the gland, according to the internal pres- 
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sure obtaining at the inner end of the gland, which, being the exhaust 
pressure of the turbine, may be above or below atmospheric pressure, 
according to the conditions under which the turbine is working. 

The gland rings and strips are arranged in groups, and the 
spaces between the groups are connected to supply direct steam or 
to pass gland leakages to such positions in the range of pressures 
throughout the turbine installation that will give the pressure desired 
between the series of strips and rings at any gland; t. e., when a 
turbine is exhausting at pressure above atmosphere its gland con- 
nections are to be regulated to give a gradual drop across the groups 
from the exhaust pressure of the turbine to the atmosphere; when a 
turbine is exhausting at pressures below atmosphere its gland con- 
nections are to be regulated to give a gradual rise across the groups 
from the exhaust pressure of turbine to the atmosphere. Valves are 
fitted to the glands at each end of all turbines, and, in addition to 
the direct steam supply, the connections to them are so arranged in 
the turbine system that, if the valves are correctly manipulated, a 
gradual rise or faU in pressure across the gland will be obtained, 
according to the exhaust pressure of the turbine. 

By the above arrangement any excess of pressure at the glands 
is utilized to the best advantage, and any want of pressure is supplied 
at the least expense of live steam. In order to reduce the wear of the 
gland rings, due to side thrust, the pressure of steam at the gland 
pocket next to these rings should be kept as low as possible consistent 
with preventing leakage of air into the glands (which would tend 
to impair the vacuum), and frequent observations should be made of 
the pressure gages fitted for indicating the pressure in the gland 
pockets. 

It is necessary to have steam on all the glands of turbines which 
are not in use, but of which the rotors are revolving in vacuiun. 

2. Another system which makes use of any excess steam leakage from 
the glands and which uses auxiliary exhaust steam consists of the following : 

One steam pipe runs through the engine-room from which 
branches lead to all the gland boxes throughout the installation. 
This pipe is connected to the auxiliary exhaust line to condensers 
and to the turbines. 

Under cruising conditions the leakage of steam from the glands 
above atmospheric pressure is more than suJBficient to pack the others 
under vacuum and no auxiliary exhaust is used, and in addition it 
may be necessary to pass an excess of steam either to turbines or to 
condensers. On the other hand, when the leakage from the glands 
under pressure is not sufficient to pack the remainder, then auxiliary 
exhaust steam is used. 

A pressure of 1 pound to 1.5 pounds should be maintained in the 
steam pipe to glands. 
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G. CLOSING DOWN TURBDfES, 

When Finished with the Turbines: 

1. Special care must be taken to open all drains and keep the air^ 
pumps working for about two hours until the system has had time to be 
thoroughly drained and dried, after which the air-piunps may he stopped 
and the air-piunp drain to bilge opened. Care must be taken that the 
bilge water is not allowed to reach the height of this drain. 

2. Drying valves are provided on some turbines, and when the air- 
pmnps have been stopped, these valves and all the valves provided on the 
casing drain connections should be opened. A current of air through 
the turbines will then be formed and will considerably help in drying out 
the internal parts of the turbines. 

3. There are various drain holes in the rotors, and the positions of 
these holes are usually marked on the rotor couplings. One of these marks 
should be turned to the bottom center and thereby permit of the rotor 
being drained. 

4. The turbine casings should be kept thoroughly drained in harbor. 
All turbine rotors should be turned by hand each day and left about a 
quarter of a revolution in advance of the position on the previous day. 

5. Unless special attention is paid to making sure that the turbines 
are thoroughly drained and dried out after shutting down, pitting and 
corrosion will take place on the internal surfaces of the rotor. 

Experience has shown that this can be largely overcome by dry- 
ing out the installation thoroughly. 

6. It has been f oimd beneficial to start an oil pump every second day 
and force a fresh supply of oil through all bearings and adjusting blod^ 
collars. This keeps all journals free from rust and reduces pitting that 
may take place while turbines are idle. 

It is not advisable to do this if the oil has been in use a consid^- 
able length of time. It is a very good plan to remove bearing caps 
or unscrew the pressure-gage connection on bearing caps and pour 
fresh oil over the journals when the machinery is shut down for any 
length of time. 

7. When the vessel is to be in port for a week or two and the turbines 
are allowed to cool off thoroughly, it is very advisable that the interior 
of the turbine rotors be examined and for this purpose manholes are pro- 
vided on the ends, on the receiver pipes, and on main exhaust bends to 
icondensers. Further, by opening up the manholes on receiver pipes and 
exhaust bend, the condition of the last row of moving blades on rotors 
can be noted. 

Care should be taken to ensure that the engineers who make the 
internal examination do not leave or lose any tools or personal belong- 
ings inside the casings. 
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H. GENERAL. 

Auxiliary Exhaust Connections to Turbines: 

1. Provision is frequently made in the auxiliary exhaust system to 
allow the surplus auxiliary exhaust steam to be utilized in the turbines. 
These connections are so arranged that the exhaust steam may be directed 
to various positions in the turbines, or their connections, according to 
the pressure which is being maintained at such stages, when the turbines 
are working. The arrangement of these connections may differ in the 
various vessels, but the principle upon which they are worked is the same, 
viz.: spring-loaded or back-pressure valves are fitted at the condensers, 
and may be regulated to give sufficient back-pressure in the exhaust system 
necessary to cause the exhaust steam to flow into the turbine installation 
through spring-loaded non-return valves, which are fitted to prevent steam 
flowing into the exhaust range from the turbines and thereby creating a 
greater pressure in the exhaust pipes than permissible. 

2. Steam from the auxiliary exhaust system, when admitted to the 
turbines in the above manner, results in considerable economy, particularly 
at low powers, and should be so used whenever practicable. Care, how- 
ever, must be taken that on receiving orders to stop or go astern, or if 
maneuvering is expected, the auxiliary exhaust system is to be immedi- 
ately shut off from the turbine receivers, and that there is free exhaust 
to the condensers, or the rotors may be distorted due to imequal heating 
and so cause damage to the blading. 

Augments* Condenser and Steam Jet. In all installations fitted with the 
Parsons vacuiun augmenter it is advisable to note : 

1. The water inlet and outlet valves on augmenter condensers or 
pipe connections should always be left open, the cooling water being 
usually supplied from the circulating water to main condenser. 

2. The steam valve to augmenter jet to be opened only when the 
machinery is under way. 

Engine-Room Records. On the engine-room log sheet the following par- 
ticulars regarding the turbine installation should be noted every hour: 

1. Revolutions per minute for each shaft 

2. Steam pressure at steam belts of all turbines, including those run- 
ning idle in vacuum. 

3. Condenser vacuimi. 

4. Pressure of oil supply to bearings and temperatures of oil dis- 
charge from all turbine bearings. 

5. Amount of oil in oil drain tank. 

6. The dinnmy clearance readings taken with micrometer. 

7. Auxiliary exhaust to condensers or to turbines (as case may be). 

8. Revolutions per minute of auxiliary engines and temperatures of 
circulating pump water and air-piunp discharge. 

9. Feed temperature. 

10. Circulating water in and out of condensers (temperature). 

11. Barometer (every 24 hours) • 
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I. ADJUSTING TURBINES. 

The following is practically a repetition of the information given on the 
separate instruction sheet supplied to each vessel^ and a diagram, FIGURE 
161, for reference is attached: 

1. The adjusting blocks control the turbine diunmy clearance, i. e., 
the least fore and aft distance between the rotating and stationary parts 
of the turbine. The working diunmy clearance for each turbine is stated 
in paragraph 7(d), and should be adhered to as closely as i>ossible. To 
gage this clearance two appliances are used, known respectively as the 
finger-piece and the dummy clearance micrometer. The finger-piece may, 
be used as a ready means of ascertaining the clearance, but, owing to the 
wide range of steam pressures and consequent difference in temperatures 
throughout the turbine, the actual diunmy clearance is not always exactly 
in accordance with the gaging at the finger-piece, the greatest difference 
occurring when the turbines are rapidly opened out to full power. The 
actual clearance at any pressure may be readily ascertained by the use 
of the dummy clearance micrometer. 

2. The finger-piece consists of a piece of steel A fitted at the steam 
end of the turbine between the gland and the bearing cap and fixed 
securely to the bearing support. One end of this finger-piece projects 
into a groove turned in the rotor shaft ; the space between the after-diaft 
face of this groove and the after face of the finger-piece, minus the gaging 
given for the respective turbines in paragraph 7(a), indicates the internal 
or dummy clearance. Allowance should, however, be made for the error 
due to expansion, as found by the dummy clearance micrometer and 
referred to in paragraph 7(c). 

3. The dummy clearance micrometer, as shown on the diag^ram, is 
fitted on to the steam end of the turbine casing. The spindle Y is set to 
move parallel with the axis of the rotor and in line with the end of the 
dummy ring T. The movement of the spindle towards the dummy ring 
is obtained by a spiral spring W, and regulated by a sleeve Z screwed 
into a bracket X. To prevent undue wearing of the spindle end, the spring 
should be compressed no more than found necessary to overcome the load 
due to the steam pressure on the inner end of the spindle, friction of 
packing, etc. The sleeve Z is screwed into the bracket X by a handwheel 
Q and the rim of this handwheel is graduated to measure the longitudinal 
movement of the spindle Y in thousandths of an inch. The handwheel 
Q is secured to the sleeve by nuts, and may be adjusted so that, should 
the inner end of the spindle Y wear by contact with the revolving dummy 
ring T, the handwheel may be reset and thereby simplify the read- 
ing of the micrometer. Inside the casing a fixed stop V is fitted with 
its forward face in line with the forward end of the dummy ring T 
when the dummy clearance is nil. The spindle Y is so arranged tiiat 
its inner end may be brought into contact with either the face of the stop 
V or the rotor dummy ring T; by this means the position of the dummy 
ring in relation to a fixed point inside the turbine casing can be deter- 
mined. A key engaging with grooves in the bracket X is provided in 
the spindle Y to guide it into contact with either of the above faces as 
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may be desired, and the handle on the outer end of the spindle is engraved 
to indicate which contact will be obtained. A locking pin and padlock 
is provided to secure the spindle out of gear and prevent any unauthor- 
ized person from using the micrometer. 

4. Referring to the diagram, it may be seen that the brass collars of 
the top and bottom adjusting blocks come respectively into contact with 
the opposite faces of the rotor shaft collars J. By this means the posi- 
tion of the rotor is assured, being prevented from moving aft by the 
collars D in the top adjusting block B; and from moving forward, and 
thereby reducing the dummy clearance, by the collars E in the bottom 
adjusting block (which is a fixture in the cap K and moves with it). The 
position of B is determined by the adjusting screws LL, while the position 
of the bottom adjusting block is determined by the thickness of the liners 
FandG. 

5. To adjust any of the turbines proceed as follows : 

(Note. — These operations should be performed when the turbines are 
thoroughly hot.) 

It is advisable, when convenient, to disconnect the rotors from 
the line shafting and propellers. 

Lift off the cap K, put on the adjusting gear provided, and draw 
the rotor hard forward on to the collars E of the bottom adjusting 
block C and the block hard forward on to the liner F. Gage the 
diunmy clearance by the use of the micrometer, and check it by 
gaging the clearance at the finger-piece A. If these gagings show 
that the dmnmies have not the correct amoimt of clearance as given 
in table (d) paragraph 7, move the rotor and adjusting block aft, 
remove the liner F and fit one of suitable thickness (additional liners 
are provided in the outfit). After the correct clearance has thus 
been obtained, fit a suitable liner G into the space left at the after 
end of the spigot, which will prevent the rotor working aft to any 
greater extent than the difference between the adjusting collars J 
and the space in which they nm, should the cap K or the adjusting 
screws be tampered with. Remove the adjusting gear, replace the 
cap K, and tighten down the nuts sufficiently to prevent the cap from 
lifting but not from sliding, for which purpose the holes N are drilled 
larger than the studs. While the rotor is kept revolving by means 
of the hand-turning gear, screw out the adjusting screws LL on to 
the faces MM imtil it is felt by the resistance to turning that the 
cap is hard forward and the rotor shaft collars jammed between the 
opposite faces of the adjusting block collars. Tighten the nuts hard 
up to retain the cap in this position and ease back the adjusting 
screws imtil a feeler gage can be inserted between the ends of the 
screws LL and the faces MM* Lock the screws in this position, slack 
the nuts off the cap and knock it back until the ends of the screws 
are again bearing on the faces MM. The collars will thus have been 
given the clearance necessary for lubrication purposes. Hand 
tighten the nuts on the cap and after a few revolutions of the rotor 
under steam, tighten them hard up. The rotor should now be coupled 
up to the shafting. 
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6. Method of ascertaining the dummy clearance by means of the 
micrometer : 

(a) Take out the locking pin, set the spindle Y to allow its inner 
end to come into contact with the stop V, screw up the sleeve Z until 
such contact takes place, and ensure (e. g., by the use of a fine feeler 
gage between the collar of the sleeve and the collar of the spindle 
at P) that the sleeve has not been screwed in too far or an inaccurate 
reading will be obtained at the graduated rim of the handwheel. The 
handwheel should then be set with the zero mark opposite the 
index S. 

(b) Draw the spindle back, turn it to allow its inner end to 
come into contact with the dummy ring T, screw up the sleeve Z until 
such contact takes place and test the joint at B as before. The read- 
ing on the handwheel at the index S will indicate the dummy clear- 
ance in thousandths of an inch. The spindle Y should be again tried 
on the stop V, as in (a), to ensure that no appreciable wear has taken 
place during contact with the dummy ring if the rotor was revolving 
at that time. Screw the sleeve back until the locking pin can be 
inserted through the spindle and lock the micrometer out of gear. 

(Note. — ^When the micrometer is being used and the turbines are running, 
care should be taken that the spindle Y is not allowed to come suddenly into 
contact with the rotating dinnmy ring T, also that when such contact is made 
the reading is quickly but accurately taken, so that the time of contact may 
be reduced to a minimum.) 

7. When taking over a vessel from the builders, values should be ob- 
tained for the following clearances : 

(a) Gagings at finger-pieces, with turbines thoroughly hot and 
rotors drawn forward until cylinder and rotor dummies were in 
contact : 

Main H. P. turbine. 
L. P. turbine (port). 
L. P. turbine (starboard). 
H. P. cruising turbine. 
I. P. cruising turbine. 

(b) Gagings at finger-pieces with turbines at rest, thoroughly 
hot, rotors adjusted, and hard forward: 

Main H. P. turbine. 
L. P. turbine (port). 
L. P. turbine (starboard). 
H. P. cruising turbine. 
I. P. cruising turbine. 

(c) Maxi m um difference in diunmy clearance (if any + or — ) 
found by checking gagings at finger-pieces by micrometer readings: 

(Note.— Maximima difference (if any) will occur imder full steaming 
conditions.) 

Main H. P. turbine. 

L. P. turbine (port). 

L. P. turbine (starboard). 

H. P. cruising turbine. 

I. P. cruising turbine. 
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(d) The working dummy clearance at the respective turbines 
when the rotors are hard forward should be: 

Main H.. P. turbine. 
L. P. turbine (port). 
L. P* turbine (starboard). 
H. P. cruising turbine. 
I. P. cruising turbine. 

(Note. — Owing to the oil clearance referred to in paragraph 5, the rotor 
has a little fore and aft movement, and this should be borne in mind when 
gagings or readings are taken, as the clearances given under (a), (b), and (d) 
only hold good when the rotor is hard forward; this does not apply to (c), 
as the difference obtained will be constant with rotor in any position between 
hard forward and hard aft.) 

For thickness and gagings mentioned in paragraph 7 (a), (b), (c), and 
(d), see instruction sheet supplied to ship. 

8. The foregoing instructions refer entirely to turbines having the 
axial or contact type of dxumny, whereas many of the latest designs now 
in commission have the radial form of dummy rings for the L. P. ahead 
turbines. This type has been in use with all backing turbines for many 
years and allows for considerable end movement of rotor in relation to 
the casing. 

By fitting a similar type of dinnmy packing to the L. P. ahead 
turbines, the question of adjustment has been eliminated. 

The two halves of the adjusting block are locked together and 
the rotor collars bear all around the brass rings. 

It is usual to allow about .025 inch oil film clearance between the 
steel collars of rotor shaft and of the brass rings. 

Further, a steel pointer is arranged in the air gap at forward 
end of turbine and is directly opposite a line scored on rotor. Sim- 
ilar lines at forward and aft sides of central line give the safe work- 
ing limit as regards the end movement of rotor. 

J. OPENING OUT OP TURBINES FOR INTERNAL INSPECTION. 

Overhead gears are provided to lift the rotors and covers or top halves 
of all casings, but not the turbine complete. These gears must be worked so 
that each cover and rotor is lifted parallel and perpendicular to the horizontal 
joint of the casings. Graduated pillars are usually fitted at the comers of 
lower half of the casings to guide the covers, and brackets are supplied to bolt 
to the bearing supports and fit against the rotor shaft journals to guide the 
rotors. 

A few installations in torpedo-boat destroyers are arranged so that the 
main exhaust pipe connections and the turbine casing covers open on hinges. 
In such cases guide pillars are not required, but in overhauling such an instal- 
lation care has to be taken to ensure that the various parts, when hinged open, 
clear each other. Further, the covers when hinged open should be secured so 
that the lifting tackle is partly taking the weight of the casing off the hinges. 
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Each Turbine Should be Opened Out, as follows: 

1. Remove all pipe connections attached to casings which will be in 
the way of lifting cover or rotor and blank off all openings with wood 
(not waste) to prevent any foreign matter getting inside. 

2. Remove lagging and all bolts aroimd horizontal joint of casing. 

(Note. — When opening out L. P. casings for inspection care must be 
taken to remove all the horizontal flange bolts in the astern casings, where 
they are fitted in the exhaust end of the L. P. casing.) 

3. Dust down thoroughly to prevent any dirt getting inside while 
lifting the cover. 

4. Starting bolts are provided on each cover, which should be put into 
use until the cover is an eighth of an inch off the face of joint. 

5. Fit guide pillars in comers, and, while hoisting, check the dis- 
tance cover has traveled to ensure a level lift. 

6. Where gland sleeves are fitted in halves, care should be taken 
when lifting the casing covers that the top halves of the gland sleeves are 
not lifted with the covers, otherwise they may drop off, resulting in dam- 
age both to the rotor and gland. This, however, does not necessitate re- 
moving the gland casings where these are external and bolted to the casing 
ends. 

When the cover is clear of the rotor and ready for removing, 
orders should be enforced that all exposed external parts shall be 
covered with clean canvas. 

7. Transport, cover, and land, or secure as the arrangement may 
provide. 

8. Remove both bearing caps and top halves of gland sleeves (where 
in halves) ; fix the rotor guide brackets in position in such a manner that 
the diunmies or blades cannot foul while lifting the rotor. 

Care must be taken that the rotor lifting gear does not foul the 
end of the dmnmy ring. 

9. Lift the rotor, and when the rotor shafts are clear of the bearings 
remove the bottom halves of the glands if the inner ends of same project 
beyond the end of the rotor dnun or dmnmy ring ; then complete lifting, 
and in cases where the gland sleeves are made in one piece, slide to one 
side and examine gland rings. 

10. After inspection, scrape all jointing material from the flanges 
and gland casings or pockets, clean down thoroughly, carefully examine 
to ensure that no small articles are left in the casing, and blow out any 
dirt. Examine all drain holes in casings, particularly those in the astern 
steam belt and at the comer of each expansion in the L. P. casing, and 
clear where necessary. Clear all drainage holes or grooves in rotor dnmis 
and wheels. Then apply graphite paint (or some suitable substance) to 
the gland casings where these come into contact with the gland sleeves. 

11. Replace the gland rings and sleeves (where these are in one 
piece) and lower rotor into place. Where the gland sleeves are made in 
halves, the rotor is flrst to be lowered until the drums or dummy ring is 
below the level of the gland sleeves ; and the bottom halves of gland sleeves 
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are then put into place, and after the rotor is lowered the top halves 
should be put into position ready to engage with the cover. Where the 
ends of the rotor drum or dummy ring will clear, the lower halves of 
the gland sleeves may be inserted before lowering the rotor. Replace the 
canvas covers on rotor and journals. 

12. Thoroughly clean flanges, gland casings, bolt holes, etc., in cover, 
transport it into position for lowering, lower it (guiding it in the same 
manner as when lifting it) to within about one foot of the joint. Gra- 
phite paint (or equivalent substance) should then be applied, by hand 
only, to the flanges of the casing; care must be taken that there is no 
grit in the paint. Before finally lowering the cover see that the dimimies 
are about midway in the grooves, and when in this position lock the rotor 
with the adjusting gear to prevent it from moving forward or aft. Lower 
the cover and see that the gland sleeves are in the correct position for en- 
gaging with the covers. 

In the case of high-pressure turbine joints, a manganesite paste 
has been found to give very satisfactory results. The manganesite 
is ground down from a cake to a powder and mixed with boiled oil 
to the consistency of a thick cream. Special care has to be taken to 
see that there are no solid particles in the paste ; and it is best applied 
by hand. 

13. Replace all bolts in their respective positions according to the 
numbers stamped on them and gradually tighten hard up. 

Where Glands are Bolted to the Casing They May be Overhauled Without 
Lifting the Casing Cover, as follows: 

1. Remove bolts for securing top half of gland to casing cover and 
bottom half of gland. 

2. Lift top half vertically until it is clear of the gland-sleeve spigot, 
and then withdraw forward or aft so that no damage may be done to the 
gland strips. 

3. Lift the top half of gland sleeve vertically until the strips in the 
gland sleeve are clear of the strips on the rotor, and then withdraw for- 
ward or aft. 

Fit temporary safety liners into the bottom half of the gland 
sleeve to protect the thin edge of the strips from being damaged. 
Turn the sleeve around the shaft upon these liners, and remove in the 
same way as the top half sleeve. The gland rings and strips may 
then be examined. 

(Note. — Li some turbines the top half of gland sleeve has no spigot, and 
in this case the gland pocket top half may be withdrawn forward or aft with- 
out first lifting vertically. With this design studs are usually adopted for 
securing the top half of the gland to the casing, and bolts or tap bolts are 
adopted where the gland pocket must be first lifted vertically until it is clear 
of the sleeve spigot. In some glands the part which surrounds the rings is 
made in three segments, and by removing the two top segments, the rings may 
be taken out and examined without distiibing the other parts of the gland.) 
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4. Thoroughly dean the gland parts and part of the casing where 
the gland fits and apply graphite paint (or some suitable substance) to 
all the parts of the gland and casing which come in contact with each 
other, and then replace. 

Turbine Pittings. 
Steam Strainers: 

They should be occasionally examined and cleaned as necessary. 

Bridge Gages: 

For measuring the wearing down of the bearings, bridge gages are 
supplied. These gages are made suitable for placing at each end of tur- 
bine over the rotor, either at the bearings or at the space between the 
gland and the bearing cap. Gage the clearance between the projecting 
part on the bridge gage and the rotor, and by comparing this measure- 
ment with the reading or measurement engraved on the nameplate 
supplied with the bridge gage, the amount of wearing down will be 
ascertained. 

Cut-out Gear: 

Where cut-out or trip gear is fitted, this should be occasionally tried 
in port when steam is up and the turbines revolving to see that it is in 
working order and that the mechanism has full control over the throttle 
valve. To try this gear, ease back a little the spring contained in the 
governor, thereby permitting the governors to lift at less than their i^or- 
mal working revolutions. When making adjustments with governors, 
and if the line shafting and propellers are uncoupled, special care must 
be taken when admitting steam to the turbines to guard against the pos- 
sibility of the rotors running away. 

L. P, Turbine Drains: 

Care should be taken to regularly examine and clean the non-return 
valve between L. P. turbine drain and air-piunp. 

Expansion of Turbines: 

Sliding feet are provided at one or both ends of the turbines, accord- 
ing to the arrangements of the turbines, and in some cases provision is 
made for oiling these feet. These sliding feet should be occasionally 
examined to see that no dirt or other matter collects in such a way as to 
interfere with the free expansion of the turbines. 

Adjusting Blocks: 

In some turbine installations no adjusting blocks are fitted in certain 
turbines. For instance where an H. P. astern is attached to an H. P. 
ahead turbine. Turbines having no adjusting blocks are usually provided 
with an indicator for showing the relative position fore and aft between 
the rotor and cylinder blades, and should such a tiurbine be turned while 
disconnected, particular care must be taken to see that the rotor is not out 
of its central position more than the amount stated on the indicator. 
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Removing Propellers: 

When removing or replacing a propeller on any line of shafting the 
precaution should be taken to disconnect any one coupling and shore from 
a bulkhead in one of the after compartments, as it is not intended that 
any shock from hammering the propeller should be taken up on the tur- 
bine adjusting block. 

K. GEARING. 

In connection with installations having mechanical reduction gearing the 
following points require attention: 

1. The pinion and gear-wheel journals should be checked regularly 
with the bridge gages to note the amount of wear. 

2. Attention should be paid to ensure that the tips of the oil sprayers 
are free from dirt. In most cases means are provided whereby each 
nozzle can be withdrawn and examined without stopping the machinery. 

3. The temperature of the oil from drain well of gear box to be noted 
at regular intervals. 

4. Do not allow tips of gear-wheel to run in oil. This will tend to 
heat up the oil supply excessively. 

5. Attention to be paid to ensure that the gear-wheel and pinion 
shafts are free to move in a fore and aft direction. 

6. Where the gearing is used in conjunction with a cruising turbine, 
the following points require attention: 

(a) In most cases clutches are provided so that the cruising unit 
can be disconnected when the main engines are in use. 

(b) Before throwing in a clutch warm up cruising turbine 
thoroughly. 

(c) Open all oil cocks and be sure oil is flowing freely through 
all bearings and through the sprayers on to gear teeth. 

(d) When connecting up, if dutch is of the jaw type, it is very 
advisable to stop the main shaft to which the coupling is to engage 
and connect up the turning gear of cruising imit, using this to bring 
the teeth into line so that the claws will engage. 

(e) Remarks regarding the operation of the cruising turbine 
. will be found to apply to the direct drive type. 



CHAPTER XVIL 

INSTRUCTIONS FOR THE CARE AND OPERATION OF 

CURTIS TURBINES. 

A, FORCED LUBRICATION. 

Before Starting the Oil Pumps: 

1. See that there is no water in the bottom of the oil drain tanks or 
in the bottom of the tanks (settling or storage) from which any extra oil 
will be taken. When water is drawn from these tanks, about an inch 
of oil should be removed with it. This oil may be filtered and used again, 
but preferably should be used for auxiliary machinery. 

2. Keep the oil suction to pumps well covered to insure an abundant 
supply of oil at all times. Soundings of the drain and settling tanks 
should be frequently taken after starting the oil pumps. Settling and 
storage tanks should be fitted with gage glasses, and the drain tanks 
fitted with a graduated float in order to obtain the amoimt of oil at any 
instant. 

Before Turning the Turbines: 

1. Start oil pumps and examine oil system to see that all bearings 
are being supplied with oil and that there is no oil leakage. 

2. Regulate speed of oil pmnps to obtain a pressure of from five to 
ten pounds at the bearings and adjusting blocks. An excessive pressure 
may result in oil leakage and waste from bearings. 

After Starting Oil Pumps: 

1. Note amount of oil in drain tanks. This should be kept at from 
40 to 100 gallons, depending on size of installation. 

2. See that required pressure is maintained at the bearings. 

When Under Way: 

1. Discharge oil through cooler when oil temperature reaches about 
90°F. 

2. Start oil cooler circulating pumps or open connection from dis- 
charge of main circulating piunps. Open pet cock on oil cooler to insure 
that water is circulating. 

3. Frequently examine sight feed glasses at bearings to ascertain if 
oil is fiowing freely. 

4. Regularly note temperature of oil leaving bearings where ther- 
mometers are fitted. A fair running temperature at full speed is from 
110°F. to 130°F. 

5. Strainers should be frequently overhauled and cleaned out. 

6. Frequently clean dirt and grit from oil reservoirs underneath 
bearing to prevent clogging of oil drain-pipes. 

7. Increase oil pressure to about 35 pounds at the bearings. 

15 211 
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After Steaming: 

1. The oil pumps should be kept going to free the bearings and 
journals of any water. If practicable, it is a good plan to force new oil 
through the bearings just before securing the oil pumx)8. 

2. Frequently test oil from bottom of drain tanks for thickness. 
Remove all thick oil and renew supply from settling or storage tanks. 

3. Make sure that oil system is well supplied with oil, and that no 
leakage takes place. 

B. WARMING UP, 
Before Starting: 

1. See that jacking gear is connected. 

2. See that oil pumps are working properly and that all bearings are 
supplied with oiL 

3. Start main air and circulating pumps and maintain a vacuum of 
about five inches. 

4. Open all turbine drains and start drain pumps or open suction 
from main air-pumps to turbine drain lines. 

5. Admit sealing steam to shaft glands and maintain pressure of 
about five pounds. Open gland drains sufficiently to carry off water of 
condensation. 

6. Open warming-up steam valve to each end of each turbine. 

7. If jacking gear voU stand it, jack rotor continuously for about 
an hour. If jacking gear will not stand continuous jacking, jack turbine 
one-quarter turn every 10 or 15 minutes for about an hour. 

8. Disconnect jaddng gear and warm up ahead and astern throttle 
valve. Admit sufficient steam to turn rotors slowly, first ahead and then 
astern. Continue turning the rotors in this manner for about two hours. 

9. When no power jacking gear is available use method described 
under paragraph 8. 

10. When turbines are sufficiently warmed and usual precautions 
taken to see that everything is clear, test out all turbines by giving a few 
turns ahead and astern and report ready. 

11. Every precaution should be taken to have steam pipes and tur- 
bines free of water before getting under way. 

C. MANEUVERING. 
When Maneuvering: 

1. The turbines are operated by means of the main throttles or by- 
passes. For turbines fitted with individual nozzle control valves for the 
first stage nozzles, at least one-half of the nozzles should be opened. 

2. To go ahead, open ahead throttle slowly. 

3. To go astern, close ahead throttle and open astern throttle. 

D. CONTINUOUS RUNNING. 

After Getting WeD Under Way: 

1. Open sufficient first stage nozzles so that when making approxi- 
mately correct revolutions, the pressure in the steam chest (absolute) is 
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approximately four times the pressure (absolute) in the first stage. 
Adjust to required revolutions with the main throttle. 

2. Adjust steam to glands so that there is just a " feather '* of steam 
escaping. 

3. After steady running for about 15 minutes, close turbine drains 
and shift auxiliary exhaust from the condenser to the turbine. 

E. FULL SPEED. 

When Ditcoimecting Cruising Turbines and Shifting to Main Turbines Only: 

1. Crack main ahead throttle valve and allow steam pipes to main 
turbines to drain thoroughly. 

2. Open main turbine throttle valves slowly until the revolutions start 
to increase then close throttle to cruising turbine and disconnect clutch. 

3. Regulate first stage nozzles and steam chest pressures to give 
desired revolutions. 

4. Open drains of cruising turbines and allow this turbine to drain 
thoroughly. 

P. TURBINES IDLE. 

1. To reduce to a minimum the corrosion of the interior surfaces of 
turbine casings and rotors, it is of the utmost importance that their 
interior spaces be kept thoroughly dry while the turbines are not in oper- 
ation. To this end, after securing the main turbines, the air-pumps should 
be continued in use for about two hours, maintaining a moderate vacuum. 
When it is expected that the main turbines will not be required for use 
again imder steam within 48 hours, the main air-pmnps should be 
employed daily for about 15 minutes to produce a moderate vacuum in 
the condenser and turbines in order to dry them out. During this time, 
all turbine drains should be opened and the suction from the main air- 
piunp to the turbine drain line opened. Care should be taken at all times 
to see that the turbine drain to bilge is closed and that the water in the 
engine-room bilges does not rise above the turbine drain to bilge. 

2. The turbine should be jacked over daily and brought to rest at 
different positions on any two consecutive days. 

3. Oil should be pumped through the bearings each time the turbines 
are jacked over. This prevents the oil from gumming and water from 
collecting in the bearings. Water in contact with the journals will cause 
corrosion of the journals with the resulting dangers of hot bearings and 
rust getting into the oil in the form of grit. 

G. GENERAL. 

Lifting Casings. The U. S. Navy Instructions require that turbine cas- 
ings be lifted once every two years. 

When the casings are lifted, the greatest care should be taken to prevent 
dirt and foreign substances from getting into the turbine. The engine-room 
hatches should be roped off and the turbine covered with canvas when no 
work is being done. 
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Remove all pipe connections attached to cylinder casings which will inter- 
fere with lifting the casing or rotor, and blank oflE all openings with wood (not 
waste) to prevent any foreign matter from getting inside. 

Remove lagging and all bolts aromid horizontal joints of casings. When 
opening the L. P, casings for inspection, care must be taken to remove all 
horizontal flange bolts in the astern casings in the interior of the turbines in 
those cases where astern turbines are fitted in the exhaust end of the L. P. 
casing. 

All nozzles, stationary blading, and interior surfaces of casings, and all' 
moving blades and the exteriors and interiors of all rotors should be carefully 
examined. The interior of casings may be thinly coated with cylinder oil 
applied with a brush. If any corrosion appears, it should be cleaned to the 
bare metal with kerosene, and the depth of any pitting should be measured 
and noted. 

All joints should be scraped clean, and when the casing is put together, 
great care should be taken to make the joints tight. The best preparation for 
making joints is manganesite. Sheet packing should not be used as its thick- 
ness wiU displace the upper half of the casing. 

Casings. The inspection hole plates on the casing should be removed and 
the inside of the casing examined at least once a quarter. 

Foreign Substances. When any part of the turbine is open, the greatest 
care should be exercised to prevent any foreign substances from getting in. 
Inspection plates should not be left off overnight or for any considerable 
length of time. When inspecting a turbine with the rotor in place the person 
making the inspection should see that all foreign substances are removed from 
the pockets of his clothing. 

Steam Strainers. Steam strainers should be examined about every six 
months. 

Shaft Glands. Carbon packing should be removed, cleaned, and refitted 
after about 100 days of steaming. The ends of the segments should be dressed 
down imtil there is from 1/16 inch to 1/8 inch clearance at the ends. This will 
allow the segments to fit the shaft snugly as they wear. Springs of the seg- 
ment holders should be replaced if corroded or weak. 

OU Strainers. The oil strainers should be removed and cleaned after 

each nm. 

Steam Chest. In turbines fitted with individual nozzle control valves, 
the valve stem packing should be kept tight and in good condition. The steam 
chests should be opened and the nozzles and nozzle valves examined and 
regroimd if necessary about once every six months. 

H. ADJUSTMENTS. 

There are only two adjustments to be made; the axial clearance and the 
bearing wear. 

Adjustment of Axial Clearance. The rotor is held from moving axially 
by the thrust bearing and adjustment is made by means of the nuts holding 
the side rods. The normal running condition is with the clearance on each 
side of moving blades about equally divided, with slightly greater clearance 
on the forward side of the moving blades than on the after side. Peep holes 
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are provided for examining these cleariances and a clearance indicator is fitted 
to show the position of the rotor relative to the casing. With the turbines 
thoroughly heated and jacking gear connected, haul the turbine rotor forward 
by means of the adjusting nuts on the side rods, care being taken to see that 
both nuts are tum^ an equal amount, each being turned about one-quarter 
of a turn in succession. Start jacking the turbine and continue hauling for- 
ward imtil the rotor rubs. Then take reading of clearance indicator. Next 
force the rotor aft in the same manner as above until it again rubs. Take 
clearance reading. The difference between the two clearance readings gives 
the total clearance in the turbine. About five-eighths of this clearance should 
be on the forward side of the moving blades. Add this amount to the reading 
of the clearance indicator when in the forward rubbing position; this gives 
the indicator reading for the running position. Haul turbine forward until 
this reading is obtained on clearance indicator and then secure. 

Another method of obtaining this clearance is to remove peep holes at 
various points and measure the clearance by means of feelers. 

The clearance should be taken and recorded once each watch while under 
way. 

The clearance indicator consists of a spindle through a stuffing box in 
the fonvard head of the turbine casing, and may be turned or moved fore and 
aft by means of a handle on the outer end. Attached to the outer end is a 
pointer or graduated drum which, by means of a suitable scale, indicates the 
amoimt of movement, in a fore and aft direction, of the spindle. The inner 
end of the spindle has a semicircular section. Normally, the spindle is pulled 
forward and the semicircular section turned up where it rests against a stop 
in the casing. In this position the drum, or micrometer, is adjusted to read 
zero. 

To take a clearance reading, the spindle is turned around until the semi- 
circular section is down, in which position the spindle is free to move fore 
and aft. Push spindle aft imtil it touches the rotor and read clearance indi- 
cator : this reading is the distance from the indicator stop to the rotor. From 
this reading subtract the indicator reading when the turbine was in the for- 
ward rubbing position. This difference is the clearance on the forward side 
of the moving blades. 

The end of the spindle, when taking a reading, bears against the forward 
side of the rim of the first stage wheel or the forward end of the L. P. drum 
rim, consequently it is liable to wear down. This necessitates the frequent 
adjustment of the drum for the zero reading. 

The clearance on the forward side of the moving blades is usually from 
one-tenth to two-tenths of an inch at the H. P. end of the turbine. This is 
increased to as much as half an inch in the L. P. end. This increase is made 
to allow for the difference in expansion between the rotor and the casing ; the 
rotor and casing being tied together by the thrust bearing at one end of the 
turbine only. 

Adjustment of Main Bearing Wear. The turbines are originally 
installed with the bearings machined so that the center line of the rotor is 
about 0.005 of an inch higher than the center line of the casing, thus allowing 
this amoimt of wear to occur and leave the rotor centered in the casing. With 
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good care and no hot bearingB, no adjustments of main bearings shonld be 
required for at least a year. If the rotor drops 0.02 of an inch below the 
central position, the rotor should be raised by placing shims under the bearing, 
or new lower brasses fitted. For checking the height of the shaft, the distance 
from the shaft to a fixed i)oint on the bearing base, directly underneath the 
shaft, should be carefully measured. After each run, this height should be 
checked at all main bearings. 

Shims are provided between the lower brasses and the bearing caps, so 
that the caps may be adjusted as the lower brass wears. 

The radial clearance of the turbines is considerably more than the per- 
missible drop of 0.02 of an inch given above, and the objection to x>crmitting 
a greater wear is that the diaphragm bushings would be ground out on the 
bottom side, thus increasing the steam leakage from one stage to the next 
The wear on the bushings would cause no operating trouble as they are so 
designed to wear down easily, but the increased steam leakage from stage to 
stage, due to the increased dearance through the diaphragm bushings, would 
materially affect the economy. An increased clearance of 1A6 of an inch 
would increase steam consumption of the turbines at least 5 per cent. 



APPENDIX. 

IN THE 

United States Circxjit Cotjbt op Appeam, 

For the Third Circuit. 



No. 1622. 



NATIONAL CURTIS MARINE TURBINE COMPANY AND 
CURTIS MARINE TURBINE COMPANY OP THE 

UNITED STATES, 

Complainants' Appellants, 

vs. 

WILLIAM CRAMP & SONS SHIP AND ENGINE 

BUILDING COMPANY, 

Respondent- A ppellee. 



Appeal From the District Coitrt op the United States por the Eastern 

District op Pennsylvania. 



Before Gray, Buppington, and McPherson, Circuit Judges. 



BUPPINGTON, J. 

In the court below The International Curtis Marine Turbine Company, 
the owner of certain patents, and The Curtis Marine Turbine Company, 
exclusive licensee thereunder for marine propulsion, brought suit against the 
William Cramp & Sons Ship and Engine Building Company for infringe- 
ment thereof. The claims involved are 1 to 11 inclusive, of patent No. 566,969, 
granted September 1, 1896, to Charles G. Curtis for an elastic-fluid turbine, 
and the first four claims of patent No. 595,435, granted December 14, 1897, 
to said Curtis for an elastic-fluid turbine also. 

In order to secure an early hearing by a full bench by this court, and with 
its consent, a formal decree was entered by stipulation. On appeal the cause 
is now really heard at first instance and finally by this court. This, together 
with the fact that the patents involve the novel and important subject of steam 
turbines, accounts for the length of this opinion. A rotary steam engine had 
long been the engine-builder's goal, for the advantage thereof, as contrasted 
with a reciprocating movement in machinery, is apparent. In the hydraulic 
field the rotary principle had long been effectively used in wheels and in many 
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effective types of turbines, which are really jacketed water wheels. In this 
latter branch the advance was marked and the conservation of power, sim- 
plicity of parts, saving of space, and other desirable features of water turbines 
seemed to point out the method by which steam could be similarly employed 
to move turbines. Theoretically, the analogy between the use of steam and 
water in the same mechanical form of structure seemed clear. But the analogy 
was a mere surface one. In reality steam and water are, from the standpoint 
of motive power, essentially different. The motive power of water is gravity, 
that is, pressure exerted in one direction, while that of steam is expansion, 
that is, pressure exerted in all directions. The laws of hydraulics, as applied 
to water wheels, were well known and comparatively simple, while, as the out- 
come proved, the laws of steam as applied to turbines were not known or 
appreciated. Moreover, water is unchanging in volume under different ^ves- 
sures; thus the velocity of the flow or jet of a stream is in inverse proportion 
with the cross-section of path provided for it. But when velocity is developed 
by diminution of pathway, it must be at the expense of a local deficit of pres- 
sure. Whenever the path contracts, velocity increases and pressure diminishes 
by a determinable amount. But with steam all is different. Only in few 
instances does steam act in the same way as water, and even where it does 
there is always present an intricate and mathematically inexpressible rela- 
tionship between steam volume and pressure to complicate the relation between 
cross-section of path and velocity of flow. Experience has further shown that 
steam turbines involve further perplexities in the form of absorption of energy 
caused by virtually every bend, change of cross-section, and tiny eddy. That 
steam could be used as a propulsive rotary force was of course well and long 
known. From the record before us we learn that a crude form of steam tur- 
bine was described by Hiero of Alexandria 120 years B. C. which used steam 
as a kicking or propulsive force from which the discharging wheel reacted 
in the same way that rearwardly discharged water drives in the opposite direc- 
tion an ordinary rotary lawn sprinkler. So also, as early as 1629, the turbine 
of Branca, an Italian, showed how steam could be jetted against a vane to 
produce forward rotary motion. But while these two, almost forgotten, 
instances strikingly show that the two broad principles of operation on which, 
as we shall see, all modem turbine development is based, were thus known, 
no practical and efl&cient steam turbine, working on either principle, was 
developed prior to 1884. And this absolute dearth of outcome cannot be 
attributed to lack of effort — for in 1896, the date of the first patent in suit, 
Sosnowski^s Treatise ** Roues et Turbines a Vapeur ^' gave a list with illus- 
trations of 300 prior steam turbines. But apart from those of two inventors. 
Parsons and De Laval, referred to below, no one had, in this broad field of 
effort, produced a practical and efficient device. The magazine Engineering, 
in an issue of August, 1894, said : 

** Most engineers who are approaching middle age can remember 
when tiie idea of making a successful steam turbine was classed with the 
search for the philosopher's stone. It was known of course that such a 
motor could be readily made to work, but the consumption of steam was 
excessive because the motive fluid left the apparatus at a high velocity 

and with much of its energy unutilized What was wanted was to 

construct a wheel that woiild run several times as fast as the spindle 
of a mule, and most mechanics regarded the matter as impossible.'' 
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The experts appointed by the Court of Commerce of the Canton of Zurich, 
Switzerland, in certain litigation involving steam turbines reported to that 
court that ** the art of steam turbines was first brought into existence by Par- 
sons and DeLaval.'^ Indeed, this is in substance conceded by respondent's 
expert, who, in answer to the question whether he agreed with the statement 
made by Neilson in his work on steam turbines (4th Ed., 1908) that the Parsons 
and De Laval turbines were the only two turbines which had been made on 
other than an experimental scale up to 1895-6, said: 

** Limiting your question to steam turbines I should answer it that 
the Parsons steam turbine and the De Laval steam turbine are the only 
ones that I know of that were being manufactured prior to 1896, that 
are being manufactured for commercial use to-day/* 

Passing by, therefore, the fruitless effort of prior inventors we take up 
the practical and effective stage of the art with Parsons and De Laval. Par- 
sons, the real pioneer of one branch of the art, was a British subject who in his 
English patent. No. 6735 of 1884, gave the world its first effective steam turbine. 
A study of this patent shows that Parsons disclosed no undiscovered law of 
nature or any novel principle of operation. His basic principle of operation 
was the simple principle of reaction shown in prior devices, but his being the 
first real practical and efl&cient device in a barren field of effort. Parsons has 
been justly regarded as the pioneer of the steam turbine art. As well said by 
one of complainants' witnesses: 

** It can, therefore, be said that although Parsons did not introduce 
principles not known prior to his invention, he designed an efl&cient reac- 
tion turbine ; whereas, in all the structures devised previously, no efficient 
conversion of the energy of the steam into mechanical work was possible. ' ' 

To the same effect is the testimony furnished by respondent in the address 
of Rateau, a French savant, in his Chicago address in June, 1904, who, in 
speaking of the production of an unworkable speed where steam expansion 
takes place in a single stage of a single wheel, says, evidently, from the context, 
referring to Parsons : 

** A consideration of these circumstances has induced inventors to 
divide the expansion of the steam into successive stages, and thus to 
produce turbines with multiple wheels, which are nothing but a series 
of simple turbines mounted upon the same shaft driven successively by 
the same current of steam. This design of multiple turbines is by no 
means novel. It will be sufficient to mention the name of Tournaire, a 
French mining engineer, whose theoretical description to the Academy 
of Science in 1853 of a reaction turbine with multiple wheels is siu*prising 
when the description is compared with the Parsons turbine brought into 
use 30 vears later.'* 

Parsons provided a large outer shell or chamber provided with a central 
shaft and adapted to receive steam peripherally at one end and exhaust at the 
other. Mounted on the shaft were a large number of sets of moving vanes 
properly angled, through which the steam passed as an annulus, thereby 
imparting motion. The outer ends of the moving vanes of each set fitted closely 
to the shell, prevented steam escape and necessitated it going through the inter- 
vane passages. Following each set of movable vanes were corresponding sets 
of stationary vanes attached to the shell at substantially such an opposite angle 
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as deflected the steam and caused it to pass through a succeeding set of movable 
vanes, so co-related to the first movable set as to aid in revolving the shaft. The 
power of steam to impart motion is based on pressure, and pressure is but 
expansion restrained. It follows, therefore, that, in the principle of operation 
of Parsons turbine, as the steam passed from the high-pressure end of the 
chamber through the successive sets of movable vanes to the exhaust it expanded, 
decreased in pressure, and imparted rotary motive power to the movable vanes. 
And just as in a common lawn sprinkler the passage of the water through a 
turned passage caused the wheel to kick or react in a contrary direction, so in 
Parsons turbine the expansive force of the voliune of steam passing through 
a revoluble vane, angled at the discharge, reacts and causes the vane to rotate 
in a course opposite to the line of discharge. It is this drop of pressure, and 
the consequent different stages of pressure between the inlet and outlet side 
of the movable vane, that characterizes and is the differentiating earmark of 
reaction turbines. This drop pressure, as the underlying principle of the reac- 
tion turbine, is well set forth by complainants' expert, who says: 

** The essential difference between reaction and impulse turbines is 
the one as to how mechanical work is obtained from the energy of the 
steam. In both types of turbines the initial energy is in the shape of 
steam under high pressure, either in a dry or saturated or superheated 
condition. In a reaction turbine this steam is permitted to pass through 
a number of rows of buckets in such a manner that the pressure of the 
steam on the entering side of the bucket is quite different from the pres- 
sure of the steam upon the leaving side of the bucket, and rotation, that 
is, mechanical work, is secured, due to the drop of pressure of the steam 
in passing through the bucket.'* 

It follows, therefore, as stated in Jude on The Theory of Steam Turbines 
— ^London, 1906 — ^page 16, and conceded by respondent's expert, " In the reac- 
tion turbine there is a transformation of potential energy into kinetic energy 
within the rotating member." Such turbines have other characteristics. For 
example, from this pressure drop in reaction turbines it follows that the entire 
steam passage between the movable vanes must be filled with steam and as 
stated by M. Bateau: " It is of course necessary in order to produce a good 
dynamic efficiency, to operate in such a manner that the peripheral speed of the 
turbine be not much inferior to the circulation speed of the steam." It will 
thus be seen that what Parsons did was to take the well-understood principle 
of a reaction turbine and its single chamber with a single wheel which operated 
at an unworkable speed and by increasing the number of such wheels in effect 
subdivide an entire chamber into a niunber of separate, pressure-staged sec- 
tions, for such, in reality, was the effect of the pressure being different on the 
opposite sides of every set of movable vanes. It will, of course, be noted that 
the Parsons or reaction pressure turbine operated on a fimdamentally different 
principle from a turbine, for example, of Branca 's type. In the latter the pro- 
pulsive force is the impact or impulse of a jet of steam against the movable 
vane. The steam is blown against the vane in the form of a jet in a manner 
resembling the impulse given to a projectile by an explosion in the barrel of 
a gun. This is well stated by complainants' expert, who says: 

** The powder charge on being fired develops a large pressure in a 
confined space similar to the pressure of steam in a boiler and steam pipe. 
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The projectile is forced outward by the expansion of this charge, that is, 
the pressure energy available is utilized in producing movement of the 
projectile. The projectile is moved by the reaction of the charge just 
as tiie buckets of a reaction steam turbine are moved, due to the reaction 
of the steam. In both the gun and reaction turbine the energy in the form 
of pressure acts by reaction upon the piece on which work is to be per- 
formed, in one case causing linear motion, in the other case circular 
motion, and in both cases the initial pressure drops to the pressure of 
the exhaust or atanosphere. The energy represented by the drop of 
pressure from initial to exhaust is used to produce mechanical work. 
In both the gun and reaction turbine an important requirement for 
an efficient conversion of pressure energy into work by the reaction 
principle is close clearance between the moving and stationary parts so 
as to prevent lesiksige of the pressure energy. After the projectile leaves 
the gun it possesses velocity energy. This is similar to the velocity energy 
of the steam jet as it leaves the nozzles of an impulse turbine. The nozzles 
give the steam a large velocity at the expense of the pressure energy of 
the steam ; that is, the steam in passing through the nozzle drops in pres- 
sure from the initial pressure to tiie exhaust pressure and in expanding 
to the exhaust pressure produces a high velocity of the steam.** 

It will thus be seen that the impulsive force is created not in the vane 
passage, but in the passageway into the chamber. This is conceded by respon- 
dent 's expert, who, following Jude^s work cited above, says: ** In the impulse 
turbine the transformation of potential energy into kinetic energy takes place 
wholly or only in fixed passages prior to entry into the rotating member.** 
As therefore vane motion in impulse turbines is caused by the jet impulse as 
distinguished from the expanding volume of the passing steam in a reaction 
turbine it follows that the entire vane passageway of the former need not be 
filled. It also follows that the jet speed must be greater than the vane speed, 
otherwise no power would be drawn from the jet by the vane. It is proper 
to say that in making these general statements as to these two types of turbines, 
we have not overlooked the fact that reaction turbines may have some impulse 
and impulse ones some reaction. But such respective reaction and impulse 
are negligible. The matter is well stated by complainants* expert, who says: 

** The facts of the case are that it is an accepted fact among all 
engineers conversant with the steam turbine art that the impulse turbine 
derives its power chiefly from the impulse effect of the ^team; some 
impulse turbines may work with a very slight reaction effect and that 
all reaction turbines abstract work chiefly from the reaction force of the 
steam, although every reaction turbine has a small amount of impulse 
due to the velocity of steam flowing through the turbine. This is abso- 
lutely necessary because if there were no velocity of flow, steam would 
not pass through a reaction machine. The velocities in a reaction turbine 
are extremely low, and, therefore, the impulse effect is small, whereas the 
velocities in an impulse turbine are extremely high and the reaction effect 
or pressure drop of the steam while passing through an impulse turbine 
is so slight that it is entirely negligible. * * 

But up to and succeeding Parsons, patented impulse turbines had been as 
inefficient as reaction ones had been before Parsons made the latter practical. 
This inefficiency of impulse turbines was due to the characteristics of steam 
subjected to the structural limitations, the restricted passageway which created 
the jet. This is clearly explained by complainants* expert, who says: 



( 



222 APPENDIX. 

" When water, steam, or any other fluid in a reservoir approaches 
constricted outlet, it must do so along converging lines. Although there 
may be no converging solid walls and the outlet may be even a plane 
orifice, the cross-section of the path of the fluid, converging simultane- 
ously toward the outlet from all directions, is a decreasing one. Hence 
the fluid undergoes acceleration as it approaches. To supply the kinetic 
energy involved in this acceleration, its pressure must decrease. In the 
case of water, as already noted concerning the Pelton (water) wheels of 
the West, there is no known limit to the intensity of pressure which can 
be converted completely and efficiently into velocity by such a simple 
constriction of path. With steam, however, this conversion can proceed 
only until the initial pressure has fallen by some 43 per cent, taith a 
conversion of something like 15 per cent of the available potential energy 
into kinetic form. Beyond this point, no further reduction of pressure 
against the outlet can further accelerate the flow. The reason for this is 
that the reduction in pressure upon the steam approaching the outlet 
Yeads to an increase in its volmne, and this increased volume accentuates 
the congestion. Up to the so-called * critical ' point, this increase of con- 
gestion is not enough to more than hinder and complicate the accelera- 
tion. At the critical point, however, it becomes prohibitive. The steam 
expands too rapidly to get out of its own way, until the constriction has 

been passed The critical pressure occurs with fair constancy, at 

about 43 per cent of the initial absolute pressure. The critical velocity 
is usually found between 1350 and 1400 feet per second ranging upwardly 
toward 1500 feet under high initial pressures and downwardly toward 
1300 feet under initial pressures below atmospheric. The critical area 
varies widely, from small imder high pressure to large imder low 
pressure.'* 

Stating this in terms of plain working result the impulse turbine of the 
old art could only utilize 15 per cent of the potential possibility of steam, a 
result which, apart from other objections, barred its practical use. It will 
thus be seen that no matter what the form of prior impulse turbines, or how 
instructive and prophetic, read in the light of after discoveries, the statements 
of their inventors may appear, they were all in reality and necessarily ineffec- 
tive, because they were, in the then knowledge of steam, based on a principle 
of operation that could only end in failure. In this barred state of the impulse 
turbine art came the great, radical, and, at the time, inconceivable disclosiu^e 
of De Laval^ Like all great inventions it was simple, but with that simplicity 
was a practical change that scientifically and commercially was startling. 
Mechanically all De Laval did to the impulse turbine was simply to diverge 
the outlet end of the steam passage; in steam dynamics his great discovery 
was that, beyond the critical point of steam, velocities can be accelerated at 
the expense of pressure energy, if the pathway is diverged. Before his dis- 
closure it was supposed, and not without some basis for such supposition, that 
a diverging nozzle would retard steam from creating kinetic energy, for such 
seemed the effect of a diverging outlet on a jet of water, and we now know 
that an extension of De LavaFs diverging nozzle beyond limits now well under- 
stood makes his process ineffective. So revolutionary was De Laval ^s theory 
that the application for an American patent upon it was met by the objection 
of the Patent Office that " The object of applicant's alleged invention will 
apparently be defeated by the construction shown and claimed, since the fall 
of pressure due to expansion will necessarily lessen the velocity of the steam 
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at the point of impact with the wheel and consequently the * vis viva ' of the 
steam will tend to be a miTiiTmiTn rather than a maximum/* To this De Laval 
replied, saying: 

** The characteristic feature of applicant's invention may be 
expressed in a few words, thus: he expands the steam before it reaches 
the turbine and converts its pressure into velocity before the steam is 
required to do any work, while heretofore the steam was principally 
expanded in tbe turbine or other engine which was actuated by the pres- 
sure of the expanding steam. Applicant has made the discovery that by 
a flaring nozzle practically all the pressure can be converted into velocity, 
while before it could only be expanded down to 57.7 per cent of the initial 
pressure, and that a jet can be produced which is no longer capable of 
expansion, but which has an enormous velocity and the vis viva of which 
can be economically utilized/* 

Since, as will hereafter appear, the patent of Curtis is based wholly on a 
turbine of the De Laval type, the fact of DeLavaPs absolute departure from 
all prior inventive effort is vital to a just appreciation of what Curtis subse- 
quently did to supplement and utilize DeLavaPs discovery. This warrants 
our dwelling in such detail on the revolutionary character of De Laval's work. 
This is fairly stated by complainants' witness, who says: 

** De Laval's original application, which was filed May 1, 1889, was 
met by the examiner by complete skepticism as to its operativeness. The 
effect of the conical convergence of the nozzle was held by the examiners 
to be tiie exact opposite of that alleged by De Laval. Further, the figure 
57 per cent, which appeared in the application as a measure of the pres- 
sure which could not be converted into velocity in the ordinary converg- 
ing nozzle, was not understood by the examiner and an explanation was 
called for. The applicant was obliged to reply at length. The figure * 57 
per cent ' was supported by a reference to the treatise on thermodynamics 
by Professor Herrmann, of Chemnitz (Berlin, 1879). The examiner's 
misapprehension as to the action of the diverging nozzle was explained 
by pointing out that even Professor Zeuner, who was then one of the 
greatest living authorities on thermodynamics, had committed himself 
in his publications to the same error — ^an error, indeed, which was then 

imiversally prevalent This debate continued year after year, and 

might have extended indefinitely had not the showing made at the CMcago 
World's Fair removed the question from the field of academic dispute. 
The patent was finally allowed June 4, and issued June 26, 1894." 

De Laval's diverging nozzle resulted in producing an impulse machine 
of a phenomenal character in that the now utilized power of the steam pro- 
duced a speed beyond all past experience and so high as not to be permissive 
on account of stress on revolving parte. 

But noteworthy and meritorious as were the contributions of Parsons and 
De Laval to the turbine art, their labors still left many serious objections to 
their turbines, which they were unable to remove. As has been justly said in 
testimony quoted below, this was not to be wondered at. In the reaction tur- 
bine, as we have seen, the steam is not jetted, but is admitted at initial pressure 
around the whole periphery of the chamber or substantially so and the creation 
and imparting of ite kinetic power depends on ite passage through interspaces 
of the movable vanes, for such steam as does not go by that passage is lost. 
To insure, therefore, such intervane passage and to prevent passage through 
the clearance between the ends of the moving vane and the chamber shell, is 
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imperative. Owing to contraction and expansion and other causes this was 
attended with grave diflficnlty and sometimes resulted in stripping the revolv- 
ing vanes. Clearance escapes, owing to the principle of operation of a reaction 
turbine, could not be avoided. They could only be measureably minimized by 
the most careful construction. Moreover, the inti*a-cliamber, drop-pressure 
feature of the Parsons chamber, subjected it to the mechanical objection of 
axial or endwise thrust. This was due to the fact that there was a difference in 
pressure — a, pressure drop — ^between the inlet and outlet side of the vane. As 
the relative proportion of clearance loss to vane-capacity increased as the vane 
diminished in height, the reaction turbine was restricted to large sizes. All 
this is clearly shown by complainants* witness, who says of the Parsons tur- 
bine, that : 

" Relying as it did upon reaction, (it) developed its power by the 
pressure of tiie steam upon its vanes. There was a drop in pressure 
between the inlet and exit of each vane, consequently, clearance spaces 
must be as fine as possible, in order to prevent excessive leakage. At the 
time rotative speeds were very high compared with machinery other than 
steam turbines. Consequently, it was extremely delicate and sensitive 
to derangement by steam erosion, intrusion of foreign substances, etc. 
The fact that it relied upon reaction also necessitated a vane speed vir- 
tually equal to the steam speed. This need for high peripheral speed 
prohibited the reduction of wheel diameters. Therefore, since the current 
of steam must occupy the entire periphery simultaneously, the radial 
dimension of the steam current in the earlier stages of the machine was 
narrowly restricted. This minuteness also exaggerated the relative part 
played by the clearance spaces and their leakages.** 

While these objections of clearance, axial thrust, and prohibitive use of 
small wheels due to the use of the reaction principle were avoided by use of 
the impulse principle in DeLavaPs turbine, yet its use also disclosed serious 
objections, due to its principle of operation. The tremendous speed it 
developed forbade utilization of that speed in large wheels and necessitated 
the non-economic practice of counteracting or neutralizing it in the small 
wheels where it could be used. It should here be noted, as throwing light on 
the novel character of Curtis *s subsequent work, that this excessively high 
speed of turbines was accepted as necessarily incident and the whole trend of 
the engineering profession was to accept it as such. Thus in respondent's 
proofs Rateau*s address (heretofore referred to) says: 

" The Girard screw-wheel, which succeeded so well as a hvdraulic 
motor, has given no public results as a steam apparatus. The failure of 
the tests which I just related, should not of course be in the least surpris- 
ing. The problem was, in fact, difficult to solve, because in order to secure 
an economical operation, it is absolutely necessary to attain very high 

speeds of rotation If steam turbines are compared with ordinary 

motors both advantages and disadvantages are found. I would emphasize 
as the principal disadvantages of turbines resulting from the great velocity 
of rotation: (1) heating of the bearings; (2) the difficulty of driving 
shafts rotating at lower speeds; (3) the difficulty in using a condenser. 
I put aside for the moment the question of consumption of steam.** 

De Laval himself sought in different ways to control the high speed he 
generated. In order to lessen the strain on parts he devised a flexible central 
shaft so small in diameter that when running at very high speed such shaft and 
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the whole rotating unit did not rotate around its geometric center, but tended to 
approach the center of gravity of the rotating system. As it was impossible 
to operate machinery by direct connection with the high-speeded turbine he 
was driven to devise special reducing gears which were bulkier than the motor. 
Indeed, as showing the grave nature of the speed problems which were never 
overcome, it will be noted that the only effort of De Laval, as shown in his 
German patent, No. 84,153, to eliminate rather than accept these non-workable 
speeds was his device to reduce the velocity of the jet itself before it entered 
the wheel vane by mass compounding it with some passive liquid such as super- 
heated water or other desired fluids to reduce its acceleration in the nozzle. In 
the same line of relief Bollman, of Austria, in his patents in many coimtries 
in Europe beginning in 1894 and ending with his American patent. No. 584,203, 
of 1897, sought to introduce a mixture of air. In his work on the Steam 
Turbine, Edition 189, Stodola says: " The majority of the older patents 
showed lack of knowledge of the steam flow. One idea especially led inventors 
on in spite of constant failure ; to decrease the velocity of the steam by mixing 
it with fluids or gases. ^* After showing that even if they had succeeded, ** there 
must be (in a particular one cited) a loss of kinetic energy that would amoimt 
to one-half to three-fourths of the available work.^^ Stodola says: 

" As patents are being taken up to the present time on this useless 
idea, it is well to investigate it somewhat more closely. The mixing of 
fluids must give, besides the loss due to shock, a poor performance in the 
blade channels, because the individual drops of the * rain of this mixture * 
must become separated from the steam mass on account of the sharp bend- 
ing of its path.^' 

Notwithstanding then the elimination in DeLavaPs impulse turbine of 
the objectionable features of wheel-clearance, axial thrust, and non-use in small 
wheels which lessened the efficiency and scope of the Parsons reaction turbine, 
the De Laval impulse wheel was, by its high speed, also restricted in scope in 
that such speed prohibited its use in large tui'bines and prevented its use in 
small ones except when accompanied by supplemental speed-reducing gearing. 
It will thus be noted that gi'eat as the contributions of Parsons and De Laval 
were to the turbine art, the devices of both had grave limitations. On the one 
hand, De Laval could not utilize all the kinetic force his impulse turbine could 
call into play, and on the other hand, the limitations of axial thrust and clear- 
ance measureably counteracted and inefficiently lessened the kinetic energy the 
Parsons reactive type produced. The practical result was the restriction of 
Parsons to the field of large turbine effort, of De Laval to small, and that a 
field for further inventive effort remained is foreshadowed by respondent's 
proof where Rateau in his Paris address of 1890, already referred to, says : 

"Is it then impossible to properly satisfy at once these two condi- 
tions : to utilize high speeds of flow and avoid too great losses in power ? 
Probablv not. I am even convinced that for this class of motor, as in the 
case of hydraulic motors, it will be possible without too great difficulty to 
obtain an efficiency of 75 per cent. However this may be, the scheme 
which will give this result is yet to he found/' 

In this state of the art Curtis devised the turbine covered by patent 
566,969, and before discussing what the device of that patent is let us state 
clearly what it is not. So far as turbines meet the eye they are all substantially 
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similar, but the real test of a machine is not its physical appearance, but the 
principle on which it operates. Now of the Curtis device a few things are 
basic. Its principle of operation is not by pressure for Curtis has no intra- 
chamber change or stage of pressure, and because it has no pressure passages 
it has no clearance and no axial thrust. Manifestly, therefore, it is not a reac- 
tion turbine and the pressure principle of operation of that machine was not 
used in it. It follows, therefore, that whatever the success of Parsons in 
developing that principle was in reaction turbines, it did not anticipate or 
pre-empt the field of impulse turbines to which Curtis addressed himself. On 
the other hand, while Curtis *s is an impulse machine, patterned after and 
indeed making De Laval its avowed foundation, and using the diverging nozzle 
invention of De Laval to create kinetic force, yet, at a vital point, a radical 
departure is made from De Laval, and on that departm^e Curtis 's device rests. 
For the principle of operation of Curtis *s turbines is such, and herein lies his 
novel and valuable contribution to the impulse turbine art with its non-clear- 
ance, non-axial thrust, simple and rugged parts, that instead of extracting 
initially, as De Laval has done, a kinetic force so great as to require neutrali- 
zation or reduction, he only extracts — ^and that by degrees — such power as is 
needed — a process termed hereafter pressure staging — ^and as such requisite 
power is so extracted by degrees he utilizes the whole of such extracted power 
by a process hereafter called velocity compounding. If these facts be estab- 
lished it follows that Curtis was not anticipated by either Parsons or De Laval, 
that he gave to the art a low-speed, impulse turbine, which while using the 
general principle of pressure staging as Parsons had done, so used it as to 
avoid clearances, axial thrust, and exclusion from the field of small turbines, 
and while extracting kinetic power as De Laval had done, avoided the creation 
of high speeds, wasteful non-use of potential power, and exclusion from the 
field of large turbines. His device was more; in that in a turbine of simple 
parts and rugged construction, Curtis combined the excellencies and avoided 
the faults of both his predecessors. This in no wise reflects on the merit of 
those pioneers, as is conceded by complainants' expert. Indeed, how radical 
was the departm^e of Curtis from prior developments is simply but forcibly 
smnmed up in Curtis 's own testimony. He says: 

** After giving the subject a great deal of thought, it seemed to me 
that it would be possible to devise a machine whidi could be run at a much 
lower speed of revolution than any turbine which I was aware of, that 
would have an even higher efficiency, sufficiently high to enable it to take 
the place of the steam engine in large units. At the same time the machine 
could be made very rugged and mechanically simple, and the necessity 
for small blade or bucket clearances eliminated. I remember being very 
much struck with the fact that no machine having these characteristics 
had yet been produced, although a great amount of thought and experi- 
ment seemed to have been devoted to the subject.** 

He then in effect adds with commendable frankness that he took up the 
problem not as one of pioneer work, but only as an improver on De Laval, 
saying: 

"I was particularly impressed with the fact that no turbines had been 
built, based upon the principle of staging or pressure compounding, what 
might be called generally the De Laval type of turbine, and it seemed to 
me that this principle offered the true solution of the problem.** 
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It thus appears that the goal Curtis had in view was an impulse turbine 
which would work efficiently at a shaft speed so low as to not require speed- 
reducing gear, but would conserve the potential power of the passing steam 
imtil its use was really required. To do this he, devised the novel scheme of 
subdividing, in an impulse turbine, the available energy of the steam, in 
transit, into a number of steps or stages. This was done by producing several 
successive chambers connected by diverging or parallel nozzles. In this way 
it will be seen that instead of using one chamber and one nozzle, whereby the 
steam was expanded from initial to exhaust pressure, Curtis took what was 
the exhaust steam of DeLavaPs single chamber (which exhaust steam, as we 
have seen, had additional imutilized kinetic power which De Laval failed to 
utilize) and by means of inter-chamber nozzles he so treated the steam that it 
could be reused in a second nozzle and chamber, and indeed, in successive ones, 
with the result that he utilized, in stages, the kinetic energy which De Laval 
had lost. It will then be seen that he subdivided the available energy steam, 
which De Laval found of non-available speed, into a number of pressure steps 
or stages, so that a single nozzle would no longer have to expand the steam 
from initial to exhaust pressure, but a series of nozzles could successively 
expand it to intermediate stages until it finally dropped to exhaust pressure. 
The result of these subdivision stages of pressure reduced the steam velocity 
of an impulse turbine to a practical bucket speed instead of attempting, as 
De Laval did, to increase his bucket speed to equal high steam speed. 
DeLavaPs turbine attained commercial efficiency by reason of his use of a 
rotating element which permitted extremely high bucket speed. But Curtis 
attained commercial efficiency by such a relatively low bucket speed as required 
no special mechanical expedients and thereby secured an economical co-ordina- 
tion of steam and bucket speed. But his disclosure was more than the mere 
duplication of De Laval's nozzle and chamber. Curtis co-ordinated his own 
several pressure stages so as to secure such subdivision of energy between the 
chamber stages that while taking the steam in succession and operating with 
the same shaft speed the several stages were adapted to give an efficient 
abstraction of energy. Thus the several stages, while operating separately in 
an efficient manner, also co-ordinately and collectively operated to give over-all 
efficiency. This co-ordination involved such a proportioning of the nozzles 
and buckets of the several stages that the several stages, while imder condi- 
tions of fixed shaft speed rotation, were nevertheless adapted to accommodate 
the steam flow, at the successively diminished pressure, so that the steam speed 
produced by the successive nozzles bore substantially the same relation to the 
bucket speed of all other stages. This was more than the mere physical dupli- 
cation of De LavaPs single chamber. It is true it involved the thought of the 
duplication of chambers, but to that duplication it coupled the inventive, novel, 
and practical disclosure of utilizing pressure by stages in impulse turbines, 
and so co-ordinating that subdivided pressure in successive chambers that 
while using the steam in chamber-succession and operating at the same shaft 
speed the several steam stages were adapted to give an efficient abstraction of 
energy, and while each individual chamber operated efficiently they all 
operated collectively and harmoniously to give a total of over-all efficiency. 
This/' as was well said by complainants' witness, ** involved such a propor- 
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tioning and relation of the nozzles and buckets of the several stages that the 
stages were under these conditions of fixed shaft speed rotation, adapted to 
accommodate the steam flow at the successively diminished pressures, and 
also so that the steam speed produced by the successive nozzles should bear 
substantially the same relation to the bucket speed for each stage as for all 
the other stages/* 

It will thus be seen that Curtis efficiently and for the first time practically 
co-ordinated different pressure stages in an impulse turbine and effected such 
a subdivision of energy between the stages that the different chambers, while 
utilizing the steam in transit at different stages and on the same shaft, were 
by their inter-chamber, jet connection, adapted to secure and utilize an efficient 
and complete abstraction. While each, in a sense, operated independently, 
yet their co-ordination was such that all worked unitedly to give a satisfactory 
total efficiency. The mode of doing so Curtis clearly outlined in his patent: 

** The method by which the turbine of my present invention operates 
consists in converting the pressure of the fiuid into vis viva bv stages and 
utilizing the vis viva developed at each stage by passing the fluid tiirough 
rotating vanes, the speed of revolution of which is adapted to abstract 
substantially all or a large portion of the velocity. In practicing this 
method I first convert a definite amoimt of the initial pressure of the fiuid 
into vis viva by passing a jet of fiuid through a nozzle or passage properly 
proportioned to give the desired result, and I deliver the fiowing jet to a 
movable element of the apparatus consisting of one or more circular 
ranges of vanes forming passages through which the jet passes and in 
which its direction of fiow is changed, so as to extract its velocity wholly 
or largely whereby the vis viva developed in the nozzle or passage is wholly 
or largely converted into mechanical rotation. The nuid issues from 
this movable element into a stationary passage, which is so propor- 
tioned as to convert a further definite amount of the pressure remaining 
in the fiuid into vis viva, and which delivers the fiuid in a jet to the second 
movable element consisting of one or more circular ranges of vanes, by 
which the direction of the fiow of the jet is changed, and its velocity is 
again wholly or largely extracted, whereby the vis viva developed in the 
intermediate passage is converted wholly or largely into mechanical power. 
The energy of the fiuid may be converted into mechanical power in two 
or more such steps or stages, but it is essential that the various stages be 
so co-ordinated that the flow through the apparatus shall be continuous. 
To ttiis end the successive working passages to which the jet is admitted 
in the movable elements of the apparatus are enlarged in cross-section and 
correspond in size witib the discharging ends of the successive stationary 
passages, and in each element in which vis viva is developed provision is 
made for carrying tiie same mass of fluid as is admitted to the first nozzle 

or passage, having regard to the volume and velocity The velocity 

developed and utUized at each stage may be the same, in which case the 
speed of the several movable elements will also be the same, or the former 
may not be the same, in which case the latter will also vary. The movable 
elements may be mounted on the same or different shafts. If they are 
mounted on the same shaft but have different rates of motion, their 
diameters should be different, so that the speed at the shaft may be the 

same The pressure of the fiuid jet is not reduced during its passage 

through the utilizing vanes, except to the extent necessary to supply what 
may be called the * f rictional consumption of energy * in the passage 
through the vanes. The passage must be enlarged in proportion thereto. 
• • • • K is a pipe or conduit leading from the steam boiler or other source 
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for supplying the fluid under pressure. This pipe terminates in a nozzle 
L which may have diverging sides, as in Figure 1, or parallel sides, as in 
Figure 2/' 

Practical working directions are also given : 

** For purposes of illustration we will assume that the apparatus of 
Figure 1 is designed to work between a boiler pressure of 150 poimds and 
an exhaust pressure of two pounds, these pressures being absolute and not 
by gage (this exhaust pressure corresponding to about 26 inches of 
vacuum). The pressures existing at the discharging ends of the nozzle 
L and of the nozzles of the intermediate stationary passages M, N, and O, 
will be such as to develop practically equal velocities at the delivery end 
of each of these nozzles, this velocity being, roughly, 1700 feet per second. 
The apparatus of Figure 2 is intended to represent a non-condensing 
turbine, operating be^een a boiler pressure of 150 pounds (absolute), 
and an afanospheric exhaust, say 16 pounds pressure. In this case tibe 
pressures at the discharge ends of the nozzle L and of the nozzles of the 
intermediate stationary passages M, N, and O will likewise be such as to 
develop practically equal velocities at each nozzle, and in this case such 
velocity will be roughly 1300 feet per second.** 

It will thus be seen that the question whether a divergent or non-divergent 
expansion nozzle is required depends upon whether or not the velocity for 
which it is designed is above or below critical velocity, or what is the same 
thing, upon whether the lower pressure into which the steam is delivered at 
each stage is less or more than 58 per cent of the higher pressure from which 
the steam is delivered. If the velocity desired is less than the critical velocity 
the fall in pressure will be to a lower pressure, which is more than 58 per cent 
of the higher, and, therefore, a divergent nozzle will not be used as a straight 
nozzle will give all the velocity required. On the other hand, if a higher 
velocity than the critical is desired, the fall in pressure must be to a point less 
than 58 per cent of the higher pressure and a divergent nozzle is needed to 
fully convert such fall of pressure into velocity. 

A second disclosure of Curtis 's patent was velocity staging or velocity 
compoimding. Prior to Curtis *s patent it had been suggested that the poten- 
tial velocity remaining in the exhaust steam from De LavaPs turbine should 
be utilized by a second or third application of the jet to a second or third set 
of vanes. From this it is contended that Curtis *s velocity compounding is 
simply the multiplication of De LavaPs single vanes. Had tiiis been all Curtis 
did we may assume that De Laval or other inventors would have so duplicated. 
But the very fact they did not is in itself proof that more than mere duplica- 
tion was involved in the intervening years between De Laval and Curtis. In 
point of fact no one prior to Curtis showed how such duplication could be 
practically done and with good reason, for we now know that, in the absence 
of since discovered knowledge in the steam art, no such duplication was pos- 
sible. At that time the knowledge of steam friction and rotation losses was 
not such as to make possible the utilization of succeeding velocity stages in 
impulse turbines. Indeed, before the possibility of such utilization could 
exist, a knowledge of steam friction and rotation was a ^ne qua non to deter- 
mining the proper design of buckets of succeeding rows; and, in fact, the 
angles of the guide vane edges and also the angles of the bucket of a second 
and succeeding rows depend on the velocity of the steam at such point. 
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Undoubtedly the proofs show that in 1895, SosnowsM, in a paper on 
De Laval ^s turbine read before the Civil Engineering Society of France, sug- 
gested the velocity compounding of that turbine. He stated that the steam 
on leaving the first row of buckets could be re-directed against the second 
row and in this way steam velocity, that would otherwise be lost, could be 
utilized. But neither he nor any other engineer showed how this could be 
practically accomplished. Public statement of such desiderata, in the absence 
of any solution, evidences the need of invention to answer it. And such inven- 
tive act had to await further knowledge in the steam art before it had any 
possible working basis. As said by one of complainants' witnesses: 

** It was not imtil after the experiments of Odell in 1904, described 
in Stodola's Steam Turbine, page 134, and experiments by Stodola (see 
page 130) that the losses due to steam friction and the rotation losses were 
sufficiently determined to enable a correct design of a single pressure stage 

impulse turbine having two or more velocity stages No practical use 

was made of the velocity-compoimding suggestion nor could have been 
made, until it was made by Curtis, when his pressure-compoimding scheme 
made velocity compounding feasible. '' 

And by another, 

** This plan of repeated application of a steam jet to moving vanes, 
commonly called * velocity compounding,' is now known to have been 
always impracticable when applied to a jet embodying kinetically the 
entire energy of the steam because of the very great friction losses involved 
when steam speeds were so very high. When these steam speeds had been 
suitably reduced by pressure staging, however, as now provided in the 
Curtis specification, the velocity compounding of an unpulse turbine 
became, for the first time, profitable and practicable. '^ 

Indeed, the seemingly inevitable loss of residuary potential velocity in 
the exhaust steam of a single impulse turbine was recognized by De Laval 
himself, for in an article by Olssen, published in the Swedish Engineering 
Journal, Teknisk Tids Krift, of February 11, 1893, and republished in a pam- 
phlet distributed by De Laval at the Chicago Exhibition, is described the 
function of an ejector which partially exhausted the pressure within the cham- 
ber whereby supposed additional efficiency of the turbine was thought to 
result. Simply stated, the velocity compounding of Curtis *s patent consists 
in venting the force of the steam jet on two or more successive sets of movable 
vanes in a single pressure-staged chamber, and Curtis for the first time 
instructed the art how, by means of suitably designed movable and stationary 
vanes, a jet could be efficiently carromed and recarromed from successive 
movable to stationary vanes in such a chamber. Why the effect of this double 
or triple division of a jet upon two or three vanes in a pressure-staged chamber 
is such as to make three such velocity stagings reduce periphery speeds as much 
as nine pressure staged chambers is to us inexplicable, but such is its really 
wonderful effect. Velocity compounding is thus set forth in the patent:* 

" I deliver the flowing jet to a movable element of the apparatus con- 
sisting of one or more circidar ranges of vanes forming passages through 
which the jet passes and in which its direction of flow is changed, so as 
to extract its velocity wholly or largely, whereby the vis viva developed in 
the nozzle or passage is wholly or largely converted into mechanical 
rotation, llie fluid issues from this movable element into a stationary 
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passage, which is so proportioned as to convert a further definite amount 
of the pressure remaining in the fluid into vis viva, and which delivers 
the fluid in a jet to the second movable element consisting of one or more 
circular ranges of vanes, by which the direction of the flow of the jet is 
changed, and its velocity is again wholly or largely extracted, whereby 
the vis viva developed in the intermediate passages is converted wholly or 
largely into mechanical power. The energy of the fluid may be converted 
into mechanical power in two or more such steps or stages, but it is 
essential that the various stages b6 so co-ordinated that the flow through 
the apparatus shall be continuous/^ 

This brings us to the question, was Curtis ^s disclosure of thus pressure 
staging an impulse turbine alone or the combining of such pressure staging 
witii velocity compounding inventive? After a patient and thorough study 
of this record, we are satisfied it was. When Curtis started the work which 
eventuated in this patent the steam turbine problem was involved in com- 
plexity and uncertainty. The pioneer work of Parsons and De Laval was 
based on machines wholly unlike in basic principle of operation and this dis- 
similarity rather tended to confuse and mislead those who sought improve- 
ment in lines common to both. Indeed, as noted in the earlier part of this 
opinion and justly stated by complainants' witness: 

**.... the successes and distinctive spheres of these two leaders 
tended to lead away from the path Curtis followed of blending the advan- 
tages and avoiding the disadvantages of both. Bach of these inventors — 
and those who followed the path of each would be led in the same way — 
had had too great success along his own line to think of abandoning or 
fundamentally modifying or departing from the basic principle that had 
led him to success. Instead, each naturally went ahead to perfect the 
details devised to overcome the defects developed by the application of 
his basic principle — De Laval in devising reducing gear, flexible shaft, and 
the reduction of speed by mass-compoimding his working fluid; Parsons 
turning to his balance piston against axial thrust in place of the median- 
steam introduction of his original disclosure and striving to minimize 
clearance steam escapes. Designers, less original than these turbine 
leaders, naturally also looked at the art from the standpoint of one or the 
other of these men and worked for a future along these lines,'' 

The situation is in our judgment most fairly siunmarized by a witness 
of complainants, who says : 

** The laws of steam action in these turbines was but dimly perceived 
— except that speeds must be kept down ; and since, in the entire history 
of steam motors up to that date, the desideratmn had always been to get 
rotative speeds up, past experience served only to puzzle rather than to 
help. The state of public opinion at that date may be had by a glance 
over the pages of the papers by Mr. K, Sosnowski, civil engineer, pre- 
sented to the Societe D 'Encouragement Pour L 'Industrie Nationale in 
1896 (revised and published in book form in 1897 under the title * Roues 
et Turbines a Vapeur '), which was generally accepted by later writers 
as historically sound. Almost every conceivable combination and arrange- 
ment had been proposed or tried, but more or less blindly, and with 
universal futility. All that was plain, as the result of this, was that 
departure from Parsons or De Laval toward any novel principle of action 
must call for a thoroujorh re-design of the entire machine and a departure 
into unknown territory." 
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As we have seen, Parsons and De Laval were pioneers in their several 
spheres, but they did not block the way to further advance. Curtis ^s advance 
consisted in giving to the art a device which, by its construction and mode 
of operation, avoided difficulties individually incident to both Parsons and 
De Laval's turbines. Compared with Parsons he eliminated clearances and 
avoided axial thrusts; compared with De Laval he avoided the wasteful 
method of creating high speed initially and neutralizing it by reducing gear, 
but obtaining low speed initially, he extracted the whole working force of the 
steam. As compared with both he mechanically compacted his working parts 
and space into smaller compass and in his turbine disclosed a principle appli- 
cable, as Parsons was, to turbines of large size, and applicable, as DeLavaVs 
was, to those of small size. He gave the art a type of turbine which efficiently 
and for the first time showed working results different from any theretofore 
disclosed in the turbine art. We are clear in the conclusion that his device 
was not the work of a mere constructor in his art, but that of a reconstructor, 
who brought originality of conception, unlooked for and unsuspected lines 
of action and creative novelty in the disclosures he made. These features, 
coupled with his departure from beaten paths, and the novel and useful results 
he obtained by methods not before known, evidence the inventive nature of 
his work. We have no hesitation in holding his patent valid imless antici- 
pated. In the prior art we limit ourselves to the measure of the scope of 
alleged anticipation contended for by one of respondent's experts, who said: 
" The true state of the art in 1896 is that represented by Morehouse, Harthan, 
Mortier, and De Laval, plus the same developed knowledge on which Curtis 
relies.'' Now there is no proof that any of these produced a practical efficient 
turbine, and there is a statement by the same witness, ** I do not know that 
the machines of Harthan, Toumaire, and Morehouse were ever put into prac- 
tical use, nor do I know if at their respective dates the engineering knowledge 
as to steam flow through nozzles, etc., was adequate to permit successful 
practical use of these machines," which virtually admits they did not. A 
British patent. No. 144 of 1858, followed by an American one, was granted 
to the Harthans for a motive power engine to be worked either by air or steam, 
" whereby the expansive and reactive force of the propelling medium 
is brought into play." A study of this patent shows that the Harthans did 
not purport to disclose any new principle of operation, but their device was 
based on the form of their buckets and the general arrangement of their 
machinery. If those features involved any new principle of operation the 
patentees neither knew nor claimed it, or indeed, anything save their peculiar 
bucket form, for they say: 

** We are aware that rotary engines, consisting of wheels having a 
number of projections formed or fitted into their peripheries and actuated 
by the impingement of steam or air against such peripheral projections 
or chambers, have long been known in this country, and therefore we lay 
no claim to the principle of such arrangement .... but what we consider 
to be novel and original and therefore claim .... is, firstly, the system 
or mode of obtaining motive power by causing steam or air to impinge 
upon a series of chambers with curved bottoms arranged round a wheel, 
at or near the periphery thereof, as herein described." 
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A study of the patent shows that these curved bottom chambers, which 
the Harthans regarded as peculiar to their wheel, are particularly described. 
Their device is described as made: 

**.... with a niunber of peculiarly constructed projections forming 
chambers somewhat similar to the buckets of an overshot water wheeL 
.... The bottom or lower part of each chamber is made of a curved or 
nearly semicircular form, the curve commencing immediately at one side 
of the mouth, and terminating in the same* lateral line, so as to extend 
from side to side of the chamber, or in the direction of the axis of the 
wheel .... a jet or jets of steam is or are brought to play into these spaces 
or chambers entering therein nearly at a tangent to the periphery of the 

wheel The steam or air on issuing from the jet enters the spaces or 

chambers on one side, impinges against and passes over surfaces of the 
curved bottoms thereof, and issues out on the other side of the spaces 
nearly in an opposite direction to that at which it entered, thus imparting 
its force to the wheel by pressure and reaction and causing it to revolve." 

These and other references thereto show that the operative element which 
characterized the Harthan turbine was the curved bottom of their chamber, 
and that all other features to which allusion is made were mere incidents 
thereto- The device left no impress on the art during the years that passed 
before Parsons first utilized the turbine, and we are, therefore, warranted in 
accepting as an explanation of its non-use, the statement of one of com- 
plainants' expert witnesses, who says: 

"As to his simple impulse wheel, it is now common knowledge, and 
in Harthan 's day was technical knowledge, that a jet from a converging 
nozzle could not convert into kinetic form more than about 15 per cent 
of the energy potential in the steam. Hence the net efficiency of a wheel 
driven thereby could not exceed 10 or 12 per cent, a quite useless figure.'' 

It is contended, however, that Harthan 's disclosed velocity compoimding 
in their wheel, and in support thereof attention is called to their language : 

" Figure 6 represents a detail of a third modification, where we pro- 
pose to employ two wheels CC, each precisely similar to the wheel in the 
last described arrangement, both of such wheels being fast on one shaft D. 
A space is left between the contiguous falls of these wheels for the recep- 
tion of four or more returning chambers d, d, the bottom of which are 
curved in a direction opposite to that of the bottoms of the chambers 

c, c, in the wheels The jet on being first introduced impinges against 

the curved bottoms of the chambers in the wheel c', and is then diverted 
against the fixed chambers d, d, whence it is again diverted onto the curved 
bottoms of the chambers in the second wheel c, and finally passes off by 
the escape pipe in the manner described." 

To the lay mind and apart from all expert speculation in the matter it 
would seem that when Harthan 's single impulse wheel was not practically 
efficient, a mere suggestion of employing two wheels, " each precisely similar 
to the wheel in the last described arrangement," would tend rather to dupli- 
cate than eliminate the objections to the one. But laying aside this simple 
lay view and taking up the speculative one, it seems to us that the very most 
that may be said of Harthan 's is the statement of Stodola in the 1910 edition 
of ** Die Dampf turburen, " that the ** Predecessors of Curtis are John and 
Ezra Harthan in their English patent, No. 144 of 1858 (Figure 695). The 
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use of two velocity stages in an impulse turbine is here for the first time clearly 
proposed, the enlarging of the cross-section, and, moreover, even the divisions 
of the drops in pressure are particularized/' But assuming they were prede- 
cessors, wherein did they precede Curtis? Stodola says they suggested for 
the first time the use of two velocity stages in an impulse turbine. But there 
are some inventions the inventive element of which consists in the conception 
of the novel abstract idea as contrasted with others wherein the invention con- 
sists in the practical means of applying what had theretofore been but a mere 
abstract idea. In the former the conception of the abstract idea necessarily 
involves the details of utilizing it. In the latter it does not. Here, as Stodola 
says, the Harthans for the first time may have clearly proposed two velocity 
stages in an impulse turbine, but coupled with the proposal were no practical, 
efficient means of obtaining such stages, and tested by the common sense 
truism, by their fruits ye shall know them, we are imable to find in the dis- 
closures of this patent, or by any results flowing therefrom, anything to 
minimize the value of the work of such men as Parsons, De Laval, and Curtis, 
who entered a field that, inventively, was then barren. Nor does it serve to 
minimize the work of these men to say there was no call for high-speed tur- 
bines and, therefore, the quiescence of the art from Harthan to Parsons 
has no significance. For it will be observed, as the current of events narrated 
above shows, that when the call for turbines came Parsons had years and 
years of patient pioneer work in the field of reaction turbines following even 
the grant of his patent, before it was commercially and successfully applied, 
while in the impulse field DeLavaPs work was, as we have seen, so revolu- 
tionary that his disclosure was regarded as an impossibility by the patent 
authorities. In the face of the expenditure of such subsequent study and 
effort by engineers of all coimtries, to now contend that the vital features of 
pressure staging and velocity compoimding were anticipated, disclosed, and 
utilized by Harthan in a fruitless patent wherein the only characteristic claim 
was for curved bottom buckets, is a contention to which we cannot assent. On 
the contrary, we adopt, without here discussing the reasoning and illustration 
thereto warranting, the contention and conclusions of a witness for com- 
plainants, who says: 

** As to Harthan 's velocity compounded wheel, even if it were 
equipped with a De Laval nozzle, it could not be passablv efficient when 
built according to Harthan 's instructions. Harthan specifies that the two 
wheels, and the intermediate guides as well, are to be alike ; whereas it was 
well known even in 1858 that abstraction of vis viva in successive stages 
can be accomplished efficiently only when the first, second, and third sets 

of vanes are markedly dissimilar As to Harthan 's list of possible 

modifications, he plainly classes them of quite incidental value. All but 
the last we now know to be trivial in their import. As to the last sugges- 
tion, for the connection by piping of a niunber of separate casings in each 
of which rotates an impulse wheel, through which casings the steam passes 
in series from boiler to condenser, .... we now know that such a series 
of turbines would be practically inoperative. Its adjustments of relative 
pressures and speeds would be such imstable equilibrium that the slightest 
of the ordinary variations in actual service would put it out of commis- 
sion In contrast with this, Curtis 's invention, as disclosed in 

patent 566,969, lay in first defining the problem in hand as the simul- 
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taneous reduction of wheel speeds, steam leakage, and delicacy of struc- 
ture, and then in describing the combination of pressure staging with 
impulse action, aided by velocity compoimding as the means thereto/' 

We next turn to the American patent to Morehouse, No. 195,630, of 1877, 
for which same device his British patent of 1876 was granted, which is alleged 
to anticipate the pressure staging of Curtis. There is no statement in the 
patent as to whether Morehouse's principle of operation was to be applied 
to reaction or impulse turbines, and whether he made use of the pressure or 
velocity of the steam. There is no reference anywhere to any jet or impulsive 
action of steam. On the contrary, that his turbine was operated by pressure 
difference, rather than by velocity, is indicated where he says : 

** The openings in the dividing plates between the several compart- 
ments are arranged so that the driving fluid, in its passage through tiiem, 
operates upon the vanes or buckets upon the turbine wheel in tiie com- 
partment into which it is passing, and the turbine wheel is thus with a 
force proportioned to the difference in pressure of the driving fluid in the 
two compartments. By the novel arrangement described, the difference of 
pressure between each two adjoining compartments is comparatively small 
and it is thus possible to actuate the turbine wheels and the driving shaft 
at a moderate speed, which is impracticable where high-pressure steam 
is used to drive a single turbine.'' 

He further adds: 

** If steam of 96 poimds per square inch is admitted through the inlet 
pipe h, the openings in the first dividing plate are of such area that its 
pressure is reduced to 92 pounds in the second compartment; and in its 
passage it drives the first turbine wheel with an effective pressure of four 
pounds per square inch only. In the same way it passes through all the 
other compartments in succession, its pressure being reduced four poimds 
per square inch in each, but its volinne being increased proportionately 
by expansion." 

In the British patent Morehouse states the drop in pressure is one not 
only to the area openings, but as well to the compartment capacity, saying: 
" The openings being of such area and the compartments of such relative 
capacity, that the steam expands to a calculated extent in its passage." But 
not only dofes this strongly suggest that Morehouse's was a reaction turbine, 
but in his British patent he refers to the description he has given in language 
which can be predicated on a reaction, but not on an impulse turbine, which, 
as we have seen, to be efficient cannot travel at over half the speed of the 
impelling steam. That language is: " It is not necessary that the turbine 
wheels should be made to travel at the same speed as the steam which actuates 
them, as assinned in the foregoing description." It is true the language 
following: ** They may be made to travel at a less speed than that of the 
steam, and very good results may be obtained when the velocity of the wheels 
is half that of the steam," might be applied to an impulse turbine, as contended 
by respondent's experts, but as it is imdoubtedly referable as well to the 
reaction turbine of his " foregoing description," we think it would be a 
strained construction to apply tiie language in its juxtaposition to any other 
type of turbines, and Stodola, page 83, says: " Morehouse (Figures 169 and 
170) coimts only upon pressure stages." We, therefore, conclude that what- 
ever principle of operation Morehouse had in view, he threw no light on 
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applying it to an impulse turbine. And this conclusion as to impulse turbines 
becomes more significant when the Morehouse patent is considered with special 
reference to De LavaPs type of impulse turbine, of which type the Curtis 
is, as we have seen, an improvement. For it must be conceded that whatever 
principle of pressure staging Morehouse disclosed, anything he disclosed was 
not applicable to the high-speed impulse turbine which De Laval produced 
by his nozzles where there is no pressure difference at the inlet and outlet 
ends of the moving vanes, for, prior to De Laval, as we have seen, no one (and 
of course, Morehouse) dealt with the then imknown condition of a pressure 
drop created solely in the nozzles. And, indeed, Gentsch, who in his Dampf- 
turburen (an authority quoted by one of the respondent's witnesses as ** a well- 
known member of the German Patent Office and a very high authority on 
steam turbines "), while classifying Morehouse's turbine as an impulse one, 
wholly disassociated him and other designers from the De Laval type, saying : 

** The steam which expands outside the nozzles, and which in the free 
jet wheels is mostly made to perform work during the period of expan- 
sion, is able to convert only a small portion of its pressure energy into 
current energy, so that the working of the velocity turbines hitherto dis- 
cussed has not given a satisfactory economical result A better state 

of things was produced for the first time by the invention of De Laval.'' 

Finding, then, as we do, that the disclosures of the Morehouse patent had 
no helpful bearing or practical effect on the impulse turbine art, and sup- 
ported in that conclusion by the fact that its vagueness is such that fair-minded 
witnesses in this record greatly differ as to what its disclosures really are, we 
are not warranted in attributing to it any effect in the way of vitiating, or even 
minimizing, the work of Curtis. We pass on to the Mortier article. 

In 1890, Bateau, a French savant, read before the Society of Mineral 
Lidustries of France two papers on the Parsons turbine, which had been 
lately exhibited at the Paris Exposition. Li his first paper, Bateau discussed 
that turbine, stating its advantages and disadvantages. Several members 
expressed their views upon it, following whom M. Mortier stated ** that this 
form of motor utilizes the complete expansion of steam," whereupon the presi- 
dent inquired, ** What advantage is gained by using the steam in ihe form of 
velocity instead of using it in the form of pressure! " Mortier 's subsequent 
remarks were evidently prepared with reference to this question, and in order 
to gather their significance it is important to determine what the president's 
question raised and how it was understood by those present, and how it was 
acted upon. That it meant a comparison of the worth of a reciprocating 
engine and some turbine is clear. But what turbine! Bespondent contends 
it covered impulse turbines. We cannot accede to this view. The question 
was raised by the president, not by Mortier, and as we have seen was called 
forth by the assertion of Mortier, who was apparently completely satisfied with 
the Parsons turbine: ** This motor utilizes the complete expansion of steam." 
Mortier was seeking or suggesting no other form or type of turbine and the 
president, then, in substance, put the question as one between the Parsons 
turbine and a reciprocating engine. Certainly Bateau so imderstood the 
question, for he answers ** that he intends to treat this question and to com- 
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pl^e his commmiicatioii (which was based wholly on the Parsons turbine) 
at a future meeting ' ' ; and the society so understood, for its minutes state : 

** Order of the day for the meeting of April 12, 1890: The Parsons 
Steam Turbine/' 

Moreover, Rateau's subsequent paper was based on the question between 
Parsons and the reciprocating engine, opening with the statement : 

** I wish to-day to enter upon some considerations, theoretical for 
the most part, which will permit me to compare this new kind of motor 
with ordinary steam engines and to arrive at an estimate as to the prob- 
able future in store for it/' 

As if to emphasize and limit himself to this single issue, he annoimces his 
satisfaction with the Parsons machine, saying: ** New types will undoubtedly 
succeed one another, and there is reason to expect within a short time the com- 
plete solution of the question already fitly answered by the Parsons system,'' 
and disposed of another type (Dow's) lately introduced, which he estimates 
as " .... inferior, from various points of view, to that of M. Parsons," and 
of which **.... in its present condition the system would not be of a nature 
to be widely introduced in practical industry. ' ' He then takes up the Parsons 
as the turbine basis of comparison with a reciprocating engine and states his 
conclusions which need not be quoted. 

The minutes then state, ** Continuing the preceding commimication, 
M. Mortier gives the following information on the same subject." Without 
entering upon a discussion of Mortier 's statements and calculations it suffices 
to say that to us the inherent proofs of the proceedings show that they are 
directed to the Parsons type, which, as we have seen, was a reaction turbine. 
There was nothing in the subject before the society to suggest the introduction 
or discussion of impulse turbines. That meeting was discussing a particular 
reaction turbine; it was practical and efficient; and they had seen it operate. 
It was the contrast of this practical device with steam engine practice the 
society was discussing. There was no necessity for discussing impulse tur- 
bines, for no one had then produced one that was practical and efficient. And, 
as we have seen, no engineering basis of fact existed prior to De Laval for any 
speculation as to the future of the impulse turbine. If the striking effects of 
pressure staging and velocity compoimding impulse turbines, which after- 
wards gave them efficient working value, were then realized and disclosed by 
M. Mortier 's paper, he never claimed them in his paper; his subsequent acts 
were in conflict with such a claim ; and the engineering world ignorantly suffered 
years to pass and misguided efforts, in other directions, to be made in the face 
of such disclosures. Indeed, if Mortier 's address be assumed to apply to 
impulse turbines and to disclose Curtis 's mode of overcoming their failings, 
Mortier 's subsequent acts are inconsistent with such assiunption. When he 
subsequently took up the subject of minimizing the steam speed it was not, as 
shown by his two French patents of 1894 and 1895, on the principle of oper- 
ation now alleged to have been disclosed by him, to wit, the principle of 
eliminating such speed, but on the principle of controlling such speed by 
mixing live steam with hot water or exhaust steam. This system, which as now 
known resulted in a loss of from one-half to three-quarters of available steam 
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energy, shows that Mortier, instead of anticipating Curtis in his disdosnre, 
followed in the lead of those inventors of whom Stodola said : 

" The majority of the older patents showed lack of knowledge of the 
laws of steam flow. One idea especially led inventors on in spite of con- 
stant failure : to decrease the velocity of the steam by mixing it with fluids 
or gases/' 

We next turn to the question of infringement. The disclosures of Curtis 's 
patent, as we have seen, consisted, broadly stated, of pressure staging an 
impulse turbine, the velocity compoimding thereof and the abstraction, at 
each passage of the steam, substantially all or the principal part of the vis viva 
developed at the preceding stage. Without discussing the proofs in detail, 
we may say we find these features in the respondent's turbines. The proofs 
show tiie proposals made by them to the government for equipping certain 
vessels with turbines and a guarantee that certain results will be obtained. We 
are warranted therefrom in assiuning the respondents meant to comply with 
their representations and contract guarantees, and in the absence of any proof 
by them tending to give the court light on exactly what form of turbine they 
are constructing, we are, under the authorities, Peif er vs. Brown, 85 Fed. Rep. 
780 ; Celluloid Co. vs. Arlington Co., 85 Fed. Rep. 449, justified in resting on 
the proofs of complainants before us. These show that the principle of oper- 
ation of respondents' turbine is distinctively impulse, that it is multi-pressure- 
staged having 32 pressure stages, 12 stages having two velocity rows each and 
20 stages one row each. On the same shaft is moimted also a reversing multi- 
pressure-staged turbine having three pressure stages with two velocity rows 
each and the rest with one. We agree with the deductions drawn by com- 
I)lainants, based on calculations on data as to bucket speed and steam speed 
furnished by complainants' witnesses, that the abstraction of vis viva by 
respondent's turbines is substantially and practically complete, the unused 
velocity amoimting to 2.29 per cent the energy and this conclusion is con- 
firmed by the standard of efficiency guaranteed to the government by the 
respondent under the designed full speed conditions. That when operated 
under other conditions such turbines might abstract lesser amoimts of vis viva 
does not relieve the turbine of its infringing character. Being designedly 
made capable of infringement, its capacity to infringe warrants the conclusion 
that it does infringe. It is contended, however, that infringement of the 
Curtis patent is not established unless there is an absolute and total abstraction 
of vis viva. We find no warrant for this contention in the specification or 
claims of that patent and we find no ground in reason or thermodynamic 
practice for such extreme contention. The economies of fuel, power, and 
indeed all motive mechanism, are necessarily only approximately perfect. 
Waste, loss of motion, and power are incident to aU mechanical, thermal, and 
motor operations, and the effort is to reach substantial, practical results rather 
than absolute theoretical ones. And such substantial abstraction was the 
measure Curtis disclosed in his specification* 

** My object is to develop mechanical power from steam or other 
elastic fluid under pressure by utilizing a large proportion of its vis viva 

in a turbine, whose speed of rotation rfiall be low I deliver the 

flowing jet to a movable element of the apparatus consisting of one or more 
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circular ranges of vanes forming passages through which the jet passes 
and in which the direction of flow is changed, so as to extract its velocity 
wholly or largely whereby the vis viva developed in nozzle or passage %s 
wholly or largely converted into mechanical rotation.^' 

And the same thing is embodied in several claims in the words : 

** Said vanes being adapted to abstract at each passage there through 
substantially all or the principal portion of the vis viva developed at the 
preceding stage- '^ 

In the same way we find no warrant in the patent for restricting the 
nozzles or passageways to the expansion pipe. We have already pointed out 
earlier in this opinion that the patentee stated parallel and diverging nozzles 
were alternative constructions. It is contended, however, that Curtis by his 
definition of expansion nozzles in another application to which this patent 
refers so restricted himself. But the fact is that this definition was not 
embodied in that application when the reference was made. Its subsequent 
introduction in such former application was for reasons involved in that par- 
ticular application, and just principles of construction do not necessitate it 
being retroactively applied to a patent which expressly negatived both in speci- 
fication and figures any such restricted meaning. The partial peripheral intro- 
duction of the steam has been emphasized in complainants' testimony as a 
feature of marked advantage in impulse turbines and which distinguished 
them from the reaction type. In his specification Curtis lays stress on this 
feature as one characteristic of all his passages and as distinguished from 
introduction in annular form, saying: 

** It is the design of my present invention, as of the apparatus of my 
prior application referred to, to employ at the delivery end of the nozzle 
and in the working passages a * jet ' of steam or other elastic fluid, t. e., a 
practically solid stream of fluid having an oblong form in cross-section 
whose thickness bears a considerable proportion to its width, so that its 
cross-sectional area will be large compared with its perimeter as distin- 
guished from an annular film of elastic fiuid whose cross-sectional area 
is small compared with its perimeter. By this m6ans the frictional retarda- 
tion is greatly reduced and the efficiency is largely increased. '^ 

It is manifest, therefore, that a turbine which while it delivers ** a fluid 
jet to a portion of the vanes within the first shell,'' but not to the succeeding 
ones, does not infringe a claim, one of the elements of which is ** intermediate 
passages connecting the different shells together and delivering the fluid jet 
to a portion of the vanes of the different sets in succession." Gaged by these 
general conclusions we find that with the exception of the seventh and tenth, 
aU of the claims charged are infringed. 

We next turn to patent No. 595,435, the first, second, third, and fourth 
claims whereof are alleged to be infringed. The object of Curtis, as stated 
in his application, was ** to produce an elastic turbine operating under condi- 
tions of high efficiency in which variations in speed may be effected without 
great variations in the efficiency of operation." This he accomplished ** by con- 
structing and arranging the fluid passages of the turbine and their connections 
in such a way that the elastic fluid may be caused to traverse the movable vanes 
a greater or less ninnber in succession." He states, ** the general plan of the 
elastic fluid turbine being such as is described in patent No. 566,969, issued 
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to me September 1, 1896/* The proofs show that for efficient operation the 
vane velocity should be about one-half the velocity of the steam action upon 
the vanes where the velocity is abstracted by a single set of vanes, and in like 
proportion if the velocity is fractionally abstracted by tAvo or more sets of vanes 
velocity compoimded, and consequently, generally speaking, the vane velocity 
should be higher the fewer the number of stages into which the pressure drop 
is divided. This principle is used by Curtis, whose device, shown in the accom- 
panying Figure 1 (not shown) *Ms so arranged that the number of stages 
into which the pressure drop is divided may be varied according to the rotary 
speed at which it is desired the motor should be driven, a less number of stages 
being used for higher speeds and a greater number for lower speeds. The 
wheels or sets of vanes, which are described as moimted on a common shaft, 
are contained in separate casings, and the steam from the boiler is delivered 
to the nozzle I, to act upon the vanes in the first casing, in which the pressure 
is lower than in the boiler, and from which the steam passes by passage N 
through the nozzle J, in passing through which it expands and acquires 
velocity and enters the second casing to act upon the wheel vanes therein, and 
so on to the third and fourth casings, from which the fully expanded steam is 
delivered through the exhaust passage Q. Provision is made for controlling 
the steam passages so that the steam may be made to have a less number of 
expansion stages, this provision being shown in the foregoing figure as afforded 
by the exhaust passages EST, each provided with a shut-off valve. These 
passages respectively communicate with the connecting passages NOP, 
between the successive stages so that, if, for example, the valve and exhaust 
passage T is open, the steam will exhaust at the end of the third stage, and the 
fourth stage and parts pertaining thereto will be cut out of action. By the 
division of the pressure drop into three stages, the velocity of each stage will 
be increased as compared with that produced when four stages are used, being 
about four-sevenths instead of one-half of the velocity due to the total drop. 
Similarly, if the valve in the passage S were opened, steam would exhaust at 
the end of the second stage and the velocity in the two stages would be about 
five-sevenths of that due to the total drop, and if the valve in the passage R 
were opened the entire pressure drop would be used at a single stage, giving 
a steam velocity and consequently an efficient wheel velocity almost double that 
produced when the four stages are used.'' It will thus be seen that what Curtis 
really disclosed is simply taking and equipping with cut-off devices, a multi- 
staged turbine of the type of the patent we have already described, and fitting 
it with devices whereby different chambers could be operated or by-passed 
as desired. The particular means employed by him are embodied in claim six, 
which is not charged to be infringed. Assuming, for present purposes, that 
such device is patentable and that Curtis is entitled to a monopoly of a specific 
device embodying a combination of parts as will control the use of the several 
chambers of a turbine, it does not follow that he is entitled to such generic 
claims as are here involved and which, if sustained, would give him a monopoly 
of all turbines using controllable passages whereby the steam is made to act 
upon movable vanes a greater or less number of times in succession. In view 
of the recognized practices of steam control and the special character of 
Curtis 's device, it would be a perversion of patent law and principles to make 
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this control device of his a basis for monopolizing the whole field of steam 
passage control by inclusive claims such as are here involved. Accordingly, we 
hold these four claims invalid. 

It remains to consider another question presented by the record. The 
infringement complained of is referred to in paragraph 21 of the bill, which 
avers that defendant did, before the beginning of the suit, 

"... .offer in writing, accompanied by plans and specifications, to 
make for, and to sell to, the United States Government, elastic fluid tur- 
bines for propellmg ships — or, in other words, for marine propulsion 
other than automobile torpedoes — employing and containing the inven- 
tions set forth in each and all of the several letters patent ; tibat the offer 
so made by tiie defendant has been accepted by the United States Govern- 
ment ; that the defendant is at present under contract to make such infring- 
ing elastic fluid turbines ; that the work of construction of such infringing 
turbines is now being proceeded with by said defendant within the Eastern 
District of Pennsylvania, and elsewhere in the United States, for the 
purpose of furnishing the same to the United States Government under 
the said contract; that all of said acts and doings by the defendant have 
been and are without license or allowance, and against the will of your 
orators and in violation of their rights ; and that the defendant is threaten- 
ing to carry on its aforesaid imlawful acts to a large extent in violation 
and infringement of the rights and privileges of your orators, and to their 
great and irreparable loss and injury, '' &c., &c. 

Accordingly, paragraph 23 prays defendant may be decreed to account 
and pay over all such gains and profits as have accrued or may accrue ** by 
reason of any such infringement, '^ and also accoimt for and pay over all 
damages sustained or to be sustained ** by the said imlawful acts ^'; and a per- 
petual injunction is prayed to restrain the defendant from ** directly or indi- 
rectly making, constructing, using, vending, delivering, working, or putting 
into operation or use, or in anywise counterfeiting or imitating, the said several 
inventions, or in any elastic fluid turbines made in accordance therewith, or 
like or similar to those which the defendant has contracted to make for 
the United States Government in infringement of the said several letters 
patent/' &c. 

It is also prayed ** that any elastic fluid turbines or parts thereof infring- 
ing any or all of the said several letters patent mentioned, and which may be 
in the possession of the defendant, shall be destroyed, or delivered up to your 
orators or an officer of this court to be so destroyed. '' The bill also prayed 
formally for a preliminary injunction, but no motion was made for this relief. 
Since the litigation began, the two torpedo-boat destroyers referred to have 
been finished and delivered to the government, and the plaintiffs do not now 
ask that the decree shall in anywise be directed against these vessels, or 
against the government in respect thereof. The bill contains no averment that 
the defendant is building or threatening to build infringing turbines for com- 
mercial use ; only certain ships of war are involved in the suit ; and, for reasons 
to be briefly stated, we are of opinion that no injunction should now be granted. 
We do not agree that the court below should have dismissed the bill for want 
of jurisdiction. Neither the United States nor one of its officers is a party 
defendant, but the suit is brought solely against a private corporation that had 
contracted to do certain public work. 
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The bill was filed in 1909, and we think there was then no doubt that the 
court below had the right to entertain it. It had been much debated, and had 
been variously determined, how far an injimction might interfere with the acts 
of government officers, who in their official capacity were infringing or were 
threatening to infringe the rights of patentees. The Supreme Court had 
refused to permit a plaintiff to interfere with property owned by the govern- 
ment and in its actual possession, but no such decision had ever been made 
concerning property that was still in the course of preparation for public use 
by a contractor with the government. The facts in DashieU vs. Grosvenor 
(C. C. A.), 66 Fed. 334, present this situation as nearly as any other case, and 
it may be worthy of note that the Supreme Court took jurisdiction of that 
dispute on the merits, and decided the question of infringement. On the face 
of such a bill as is now presented, the controversy is primarily between indi- 
viduals, and no reason is perceived why the equitable jurisdiction of a court 
does not attach. There may be sufficient reasons of public policy to induce the 
refusal of relief by injimction, either at a preliminary stage or after final 
hearing ; but this is a separate question, distinct from the principal matters of 
dispute, and does not operate retroactively to take away the power of the court 
to hear and determine the controversy on its merits. The relief to which a 
plaintiff would ordinarily be entitled in a suit between individuals may be 
denied in a particular case for special reasons, as it may be denied where no 
question of public policy can possibly arise ; but, we repeat, this of itself does 
not oust the court of its equitable jurisdiction to hear and decide the suit. 

But since the suit was brought, the act of 1910 has been passed, and has 
been interpreted by the Supreme Court in the recent case of Crozier vs. Krupp, 
224 U. S. 290. This statute, we think, furnishes a practical solution of the 
questions arising upon this branch of the case. Even if the plaintiffs did not 
disclaim the desire to interfere with the government's possession of the vessels, 
there is no longer any ground upon which a final injimction can be properly 
rested, even in a suit against a contractor with the government, where the dis- 
pute concerns such property as vessels of war. If the United States has 
infringed, or shall hereafter infringe, the patents that we have been consider- 
ing, the act of 1910 permits the plaintiffs to sue in the Court of Claims. 
Crozier vs. Krupp, supra. And if the defendant shall imdertake to infringe 
hereafter by making offending turbines for commercial use, relief can be 
obtained by another suit. 

The plaintiffs are entitled to a decree sustaining patent No. 566,969 so 
far as indicated in the foregoing opinion, and ordering an account, but an 
injunction will be denied. Accordingly, the pro forma decree entered in the 
District Court is now reversed, with the costs of this court, and the case is 
remanded with instructions to enter a decree in accordance with this opinion. 
We leave the question of costs in the District Court to be disposed of by that 
tribunaL 
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Fbttinger transmitter 136 

Friction, nozzle 18 

O. 

Gain for turbines by increase of vacuum 52 

General Electric Company's turbines 172 to 177 

Qlands, shaft, Curtis turbine 96, 102, 105 

Parsons turbine 73, 81, 83 

Graphic representation of heat energy 6 

properties of steam. . . 10 
Guards, oil 187 

H. 

Heat drop, nozzle 21 

latent, of evaporation 9 

losses 119 

of the liquid above 32' F 9 

regenerated 19 

total, of steam 9 

conversion of, and work 7 

High speeds and full speed 142 to 161 

Horse-power 8 

Hydraulic transmission 136 

Impulse 1> 2 

blades 41 

thickening of 42 

no shock 43 

30'' shock 45 
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Impulse pressure staging 26 

simple 24 

velocity diagram 25, 32 

turbine 2, 89 to 111 

turbine, simple 3, 24 

velocity compounding 28 

Increase of vacuum, gain for turbines by 52 

Installation, Arizona's 142 

Conner's 156 

Conyngham's 154 

Cushing's 159 

Duncan's 158 

Nevada's 144 

Pennsylvania's 146 

Perkins' 157 

Preston's 148 

Utah's 140 

Wadsworth's 150 

Installations, turbine 139 

J. 

Joule's equivalent 7 

Junction wheel 78 

K. 

Kerr turbines 170 to 171 

Kinetic air-pump system 56 

energy 5 

Kingsbury thrust bearing 77 

Kingsbury thrust block 74 

L. 

Lamberton 160a 

Latent heat of evaporation 9 

Limits of expansion of steam 49 

Liquid, heat of the, above 32'' F 9 

UtUe 160b 

Losses, heat 119 

Curtis turbine 120 

reaction turbine 119 

steam friction 119 

Lubricant used for turbines 186 

Lubrication 185 to 192 

« Conyngham's system of 192 

forced 186 

gear teeth 190 

Nevada's system of 190 

requirements of 185 

ring 190 

theory of 186 

turbine 186 

M. 

McKee 1 60a 

Material of blades 41 

Mechanical equivalent of B. T. U 7 

parts of turbine 1 

reduction gear 125 

Cushing 127 

Nevada 127, 129 

Pennsylvania.. 131 to 133 

Wadsworth 125 

Metten clutch 134 

Mixed or combined turbines 113 to 117 

Parsons 113 

Westinghouse ..114, 178 
Morison air ejector •••• 58 



